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interrelations of the fossil fuels * 

III. 

Bv JOHN J. STEVENSON. 

{Fead November i, 

the JURASSIC AND TRIASSIC COALS. 

TnE JusASSic. • 

Like the Cretaceous, ihis is barren in the greater part of its 
extent within Europe and the productive areas are of limited extent, 
thoiwh some of them are Important. Conditions favoring accumula- 
tiop of coal existed in widely separated localities elsewhere, as m 
Siberia Australia. N.ew Zealand and Alaska; in some of which 
the de^sits may prove to be valuable. The geologic featu«s have 
material bearing upon the problem under consideration in this study. 

Grm Britom.—British geologists have grouped the Jurassic 
deposits into Upper. Middle. Lower Oolite and the Lias. Transi¬ 
tion from the Cretaceous is often gradual. Local deposits of 
arc iu the Lower Oolite and soils of ^gelation have been observed 
in both the Upper and the I^wer Oolite. 

The Pnrbcck " Dirt Beds/' soils of vegetation near top of the 
Upper Oolite, have been mentioned in most of the text-books on 

* P,rr I. appeared in these Vot LV. pp. ai-®j; Part lU in 

Vol. LVI.. PP. S3-rS«- 

ttoc axes. MHi- ’'™* *• J**™**’' 3®' 
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2 STEVENSON—INTERRELATIONS OP FOSSIL FUELS. 

geology, ITiey were described first by Webster, then by Buck land 
and de la Beebe and still later by Mantell.^ The chief " Dirt Bed ” 
tvith erect stumps rs as recognized by all a$ a blade loam with re¬ 
mains of tropical plants, which accumulated where they grew. This 
soil, about one foot ihidr, contains slightly rounded fragments of 
stone and, as Webster showed, Is the original matrix of the silicUicd 
stems; for, wherever exposed, it contains trunks of coniferous trees, 
partly in the black earth and partly surrounded by the overlying 
calcareo-silicious strata. The intervals are very nearly the same as 
those seen in recent forests and the erect stumps or stools of the 
large trees with attached roots are in their original soil Associated 
with the coniferous stems are others of cycad-llkc plants, also 
silicihed. The same condition was observed at another locality, 

where the dip is 45 degrees and the stems are vertical to the plane of 
bedding, 

Mantell states that the "Dirt Bed" has a considerable quantity 
of lignite and of waterwom pebbles. WTiile the prevailing trees are 
conifers, there is abundance of plants allied to Zamh and Cycas. 
Many of the trees are erect, as if petrified during growth. 
roots are in the black clay, and the stems reach into the overlying ' 
calrareoiis rocks. Just prior to Mantell's visit, a large area of the 
" Dirt Bed ” has been exposed prcparatoiy to removal that the under 
lying rock might be quarried. Some of the trunks were surrounded 
by calcareous earth; the upright stems were only a few feet apart 
and usually were not more than 3 or 4 f«tt high; without exception 
they are splintered at the top as though they had been wrenched or 
snapped off. All are without bark and have a weather-worn sur¬ 
face, resembling that of pcksts set between tides. Two other dirt 
beds were examined by Mantell, who obtained cycads from both: 
the principal bed is so little consolidated that he was able to dig 
out several ejeads and to prove that they are actually i« situ, 

1T. Webster, " Observations on the Purhedt and Portland Beds," Trimt. 

PP- Biideland and H. T. de la fiedic; 

"On the Geology of Uie Neighborhood of Wcymotith. ett," the same, VoL 
4 . 1836, pp, l3“is; C. A Mantell, " Ceological Excursioas around the Isle nf 
Wight,'^ 3d ed.p 1S54, pip. sS6-29a 
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The conditions dcscnbcd by Mantell recall those seen by Russell* 
on the Yahtsc of Alaska. That siream, issuing as a swift current 
from beneatfa a glacier, invaded a forest area and surrounded the 
trees with sand and gravel. Some stems, still retaining their 
branches, projected above the mass but most of the decaying trunks 
had been broken off by the wind and entombed in prostrate position. 
The phenomenon is familiar to all who have travelled along rivers 
with broad bottoms. Lyell states that the top beds of the Port- 
laitdian or middle division of the Upper Oolite, containing marine 
shells, were covered with fluviatilc muds on which Zamia and cycads 
grew.* He remarks that each dirt bed may represent a notable 
period of time; 2 to 3 feet of vegetable soil is the only product of 


verj' old tropical forests. 

The Kimmeridge Gay. at base of the Upper Oolite, contains, 
according to Phillips,* a highly bituminous shale, which is utilized 
as fuel at Kimmeridge oa the Purbeck coast. As showti in cliffs 
near that place, the clay, finely laminated and grayish-yellow, with 
remains of plants and animals, passes gradually into a bituminous 
shale, which is dark brown, lusterless, slightly calcareous and bums 
wHth a smok)' flame. LydP states that this sometimes becomes an 
impure coal and that in Wiltshire it resembles peat. Plant remains 
are rare and the bitumen may be due, at least in part, to animal 
matter. 

The ctwl at Brora in Scotland belongs to the Great Oolite or 
highest division of the Lower Oolite, which in that region is a mass 
of sandstones and shales. The seams at Brora arc thin, but one 
of them was worked many years ago for local use. This petty area 
was described by Murchison, whose measurements are (i) fossil 
shells, marine, quartz grains, carbonaceous matter, all cemented by 
calcareous material, passing downward into a mass of compressed 
leaves and stems, in turn becoming shaly coal. 2 feet, 7 inches; (2) 
coal resembling jet, divided midway by a parting of pyritous. in- 

= I. C- RwiscIL " Second Espedition to &fonnt Sl Elias," 13th Ann, Rep. 

II s GeoL Surt'ey. iSsS, Fart 1., p. t4, FL XII. 

"Elements of Gtoiogy." 6th ed,. New york, 106^ pp. 3Sil”303- 

• J. Phillips, " Outlines of Geology of England and Wales, Part L, l8az, 

pp, lay, ia& 

» C. Lyell, " Elements," p. 394. 
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duratcd day: in burning it ^ves oflE the characteristic odor of 
imperEccl coal; the powder is brown, 3 feet. 3 inches to 3 feet, e 
inches. This is one of the few localities in Britain where coal is 
present in workable thickness, but the coal is inferior and no longer 
of even local importance. Miller^ has given some notes conceming 
the Oolite conglomerate of Eigg, one of the Hehiides, The Senir 
of Eigg is described as a mass of igneous rock resting on a pile 
foundation, composed of pine stems, laid crosswise. These stems 
of PiBtfcjr ^ffgnisis are transported material; they are so numerous 
near Helmsdale that the people collect them and bum them into 
lime. The tree was as abundant on the mainland of Scotland as 
the Scotch fir is at present. It was of slow growth but attained 
gigantic size. Witham's study of the structure proved it very 
different from that of the Carboniferous conifers. The wood 
abounds in turpentine vessels or lacuns of varying size, which are 
well defined, the minutest detail of structure being distinct. Occa¬ 
sionally Miller found a thin streak of brilliant lignite, resembling 
that of Brora, but in every case it was only the bark of a tree. 

The Lower Oolite in Lincolnshire, according to Morris,^ has 
soils of vegetation with well-defined under clays. In one section, 
bituminous clay, iS inches thick, rests on "gray day with vertical 
stems and roots descending from the overlying bed,'* Another sec¬ 
tion shows the bituminous band only 6 inches thick with 7 feet of 
imdcTclays containing vertical stems. At Dane's Hill the root-bed 
is only 9 inches, but at Aunby Cutting, he saw two bituminous clays, 
of which the upper contains lignite and impure coal. Each has its 
root-bed below'. 

The Inferior Oolite, at base of the Lower Oolite, has some coal 
in Yorkshire. Phillips* recc^tzed two groups of sandstones and 
shales along the coast The lower consists of white to yellow' sand¬ 
stones and shales, with irregular seams of bad coal; the plants are 
cycads and ferns but cquisetiform remains are in the upper layers, 
standing verticany as if in place of growth. A thin irregular seam 

*H. Miller, " The Cruise of die Bcijy,’* Boston. 18S2. pp- si- 5 Sv 7 t- 

TJ, Morns, “On Some Sectlors in the Oolitic District of Uncobshire," 
Quart. Jour. GroL Soc., Vol. 9, 1853, PP- 

sj, Ptillllpa, “OeolciEy of Yorkshire" 2d ed„ Lemdon, 1835, Part I,, pp. 

S^iov 63, 66, 173 , 174. 
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of coal near the top has been mined at some places. The higher 
group contains thin irregular coal seams; one, 8 inches thick, rests 
on 4 feet of grit holding carbonaceous markings and at 8o feet lower 
a white santktone, associated with coal, has similar *' coal pipes. 
Coal seams arc present tlironghout northeastern Yorkshire and occa¬ 
sionally become thick enough for mining, but the coal is not good. 
Tlte flora consists preeminently of ferns, but cycads and conifers 
art abundant. 

Fox-Strangways and Barrow’' have given additional details re¬ 
specting the east coast of Yorkshire- A section on Gresthopc Bay, 
where the Middle Estuarine Scries of the Lower Oolite consists 
of thin-bedded sandstones and shales, shows (t) black coaly shale, 
o feet, 3 Inches; (2) soft, white sandstone with rootlets, I foot; 
(3) shale, 5 feet; (4) sandstone and shale, 3 feet, 6 inches; 
(5) black shale, i foot, 6 inches; (6) fine laminated sandstone, i 
foot, 6 inches; (7) fine laminated shale, 6 feet; (8) false-bedded 
sandstone, with irregular patches of coal, plants, pyritc and car¬ 
bonized wood. 21 feet. The last rests on the Millcpore Series, in 
which rippled sandy shales occur; the impure coal at top of the 
section resU on the sandy floor into which the plants thrust their 
tools. 

Thti Lower Estuarine series is exposed at many places behveen 
WTiitby and Scarborough, where it underlies the Millepore Senes. 
A section at Blea Wyke shows a thin coal seam roofed by 30 feet 
of dark shale and resting on 2 feet of underclay, below which is 
ferruginous sandstone, 12 feet, containing great numbers of erect 
stems, allied to Equiselilcs and often 5 feet high. Two other seams, 
2 and 3 inches thick and separated by 2 feet of soft sandstone, are 
at 18 feet below the top senm. The lower one rests on 6 Feet of 
dark shale overlying 24 feet of false-bedded sandstone, In the 
Haivskcr District, a coal seam. 4 inches, is at only 3 feet atiove the 
Dogger and the intervening shale contains roots. The Dogger m 
this district has vertical stems of Equisetites, The Middle Estua- 


*C Fox-Srransways "The (koltiaf of the Oolitic and C«(aceoiis Rocks 
South of ScarborouKh.- Mem. GeoL teflo. p. s; “The polony of the 

Oolitic and Liawic R«ks » the North and West <.( Ifahtm, Memmr^ 
p. 8; the aamc and G. Barrow, "The Gwlosy of the Country between \^hltby 
and Scarbornugh,” iS&'« pp- ^ip 
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ridt Shale Series at Goughton Wyke has vertical Equisetit^s^ in 
sandy shale and^ at base, a false-hcddcd sandstone as in the area 
south from Scarborough. 

Judd^^ has given the section of a pit at Ufford^ Northampton, 
in the Lower Estuarine sands, which shows a thin scam of lignite, 
below which are 3 feet of purplish clay and 3 feel of sand, both of 
which contain plant remains in verticiil position; he considers that 
the nmnner of oocurreticc indicates that the plants are m .ntu, and 
that they were embedded by quiet deposition as they stood, Ken¬ 
dall^* states as result of study of clays along the Yorkshire coast, 
that every coal seam examined by him rests on a root bed. 

The resemblance of the Estuarine Series to the Carhopifcnoiis 
Coal Measures has been emphasized by several observers; the 
resemblance to those of the Cretaceous is equally marked. The 
deposits were laid down in shallow' water at many horizons within 
the Oolite. Ramsayand his associates observed that, in their 
district, there ts much false-bedding in both the Great and the In¬ 
ferior Oolite as well as in the Forest Marble, which has many frag¬ 
mentary fossils in its sandy layers. Even the deposits containing 
marine forms frequently give evidence of deposition in shallow 
w'ater. Scrope^^ reported that many layers of the Forest Marble 
Bods (Great Oolite) in the neighborhood of Bath are rippled and 
that they shovv impressed footprints of various types. Those layers 
contain rolled fragments of shells, corals, echini, etc., and exhibit 
the characteristic features of a shore deposit. According to LydI. 
rippled bands of Oolite arc knowm in broad areas and are utilized 
for roofing. 

The Lia$ of England is without coal, though at some localities 
jetified wood is abuudant. The $oils of vegetation in Yorkshire 
w^ere described by Conybeare and Phillips Conybeare stated that 

J. W, J-addr “The Geology of RutEand,^ Mem. GeoL Survey, 1875^ pp. 
1^ lOS. 

P. F. Kendall, in letter of May 1917. 

A. C. Ramsay, W. T. Aveline^ E HiilL " Geology of Pam of Wilt¬ 
shire and GTouecslershirc,'' Mem. Ceol. Survey, 1858, pp. 10, iz, 14. 

^*G. F, Scropc, ”On the Rtppled Markings of the Forest Marble Beds,” 
Fi-flc. GetrL 5 ef., Vol. 1, 1854, p. 317+ 

^*W. D. Conybeare, ” Outlines oi the Geology of Eneland and Wale^," 
iSs, p. ^2; J. Phillips, "'Geology ef York&hire,“ iSjg, p. 61 
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gigantic rccds are in the cliffs near High WTiltby. They appear to 
have been rooted in a bed of shale or slate^ay and their remaids 
protrude into a sandstone, 5 thick. Those which arc erect 
retain their shape, but prostrate stems are compressed. The tops 
seem to have been broken off and the woody matter has disappeared, 
there being only sandstone easts. Phillips gave more of detail. He 
reports that a Lias sandstone near WTiitby contains great numbers 
of cylindrical plants like Equiseta, which are erect. They were 
broken off above and in some cases do not reach to the top of the 
bed. They are broken off below hut commonly pass to the lower 
surface of the bed and, at times, the lower joints reach into the 
underlying shale. The conditions have led some to regard these 
plants as m ^itn, but Phillips prefers to believe that they were 
floated down and that they were kept vertical by the weight of 
their roots. The w'riter is compelled to dissent from this explana¬ 
tion. If the trees had been floated dowm stream, they would not 
remain vertical, even though it be conceded that the weight of their 
roots would keep them vertical while floating. As soon as the roots 
had tpuched bottom, the current, gentle or strong, would push the 
stem down stream. “Snap," only too familiar in our western 
rivers, invariably point down stream. Grand Eury was able to 
dcteniiine the direction of currents in St. Etienne coal basin by 
means of " snags" enclosed in the sandstones. Murchison," in a 
Lrtef note referring to the observations by Phillips, stated that he 
had discovered another locality at the same horizon, but 40 miles 
away and well inland. At both localities, the stems of EjyiiifffKnt 
colntnnofc are in the normal position and appear to be rooted in the 
black shale. The only fossil accompanying these plants is a fresh- 
ivalcr bivalve. 

FrowfC.—The Jurassic deposits of France contain some thin 
seams of coal, which rarely have more than local importance, de 
Serres" reported upon the coals of .Aveyton, belonging to the Lower 
Oolite. The mines are on the plateau of Larzac within an area of 

>*R. 1. MurchisoR, “On the Occurrence of Stems of Fossil Plants ia 
Vcrtidil PoittitMi, ete,'* Proe. C*oI. Soc-, Vol. i, p. 301- 

IS M- de Serres. “Des houUles inches on slipltiH dts terraiiu jurassiques, 

etc.,** B*!l. Sec. Ceel. Fropicr, t, i&, 1854. pp, 97-99, 104. lOJ. 
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not more thm 6o by 200 kibmeters. The only workable seam b 
extremely variable. The greatesl thidmess is in the group of mines 
known as Nnejols, w^here the seam is 70 to 80 centimeters. The 
tenter of the area is on the summit of the plateau^ where^ in two 
mines, the thickness is but 45 centimeters. The decrease continues 
toward the north, there being only t a to centimeters at 10 
kilometers north from La Cavalerie. The lower part of the coal 
group is largely calcareous and ihe limestones have both marine aud 
freshwater forms. The coal rests directly on black sliale; the roof 
is similar but more carbonaceous and^ at times, has a wood-like 
structure; It is at most 12 centimeters thick and is combushhlc' 
The coal yields a vcr>^ fair coke with imperfect metallic luster. 
The lenticular form of the s^im is distinct, for the thickness de¬ 
creases in all directions from La Cavaterie. 

Austria. —Tlic Jurassic coals of Upper Austria belong to the 
Grestener beds at the base of the Lias, They have been descfibed 
by Upold^' and his associates. Hertle, in his notes upon the mining 
area of Bemreuth on the eastern side of this region^ states that 
Cijick's profile shows a marine limestone between two coal seams, 
w'hich contains Myiiius, Fl^ur&mya and and a sandy shale 

in the same section has Ammonitfs. Spharrosiderite cortcrctions as 
large as half a cubic foot arc fosailiferous. These calcareous de¬ 
posits w’cre not exposed at the time when Hcrtle made his examina¬ 
tion, but he saw a sandy shale wdih PiiQladomya and MyiUus. The 
coal seam, which is mined, is 3 feet thick and rests on an underclay 
containing remains of plants. The coal looks like good coal but it 
has 42 per cent, of ash. 

Near Gresten, according to Rachoy, the coal seams arc in a sand¬ 
stone group. One tuitnel cut seven streaks of coal+ one to 12 
inches thick, white a shaft passed through 16 seams, 3 inches to 
3 feet thick. The roof.and floor are sometimes day and sometimes 
sandstone. The thickest bed yielded a good caking coal with less 
than 4 per cent, of ash; the dip is about 20 degrees. Plant remains 
arc poorly preserved but marine fossils occur in fine condition^ At 

V. Lipoid, G. V, Slembacb, J. Rachoy and L, Hcrtle^ ^ Da* Kohlen- 
gebiet in den nordlicben Alpen," Jahrb. jt. it. Ge^i HrkktanL, Band 15, 1865, 
pp. 29-61+ 
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Hititerholz. Rachoy found dips of 40 to * 5 o degrees and one seam, 
4 feet 6 inches thick, was mined* The coal yielded 66.3 per cent of 
high-grade coke, used in iron-making* 

V. Sternbach's section near Grossau is (i) shale, 6 inches; (2) 

coal and shale, 1 foot; (3) ^ 3 

{5) shale, 6 inches; (6) sandstone, 6 leet; (7) carbonaceous shale, 
6 inches; (8) coal, 6 inches; (9) carbonaceous shale, 6 inches; 
(10) sandstone, 1 foot; (it) shale, not measured. This, like many 
others, closely resembles typical short sections in Cretaceous and 
Carboniferous coal measures. The workable seam, Number 4, 
Pmscs of shale, so that not more than three fourths of the output is 
clean coal. The roof is black shale but the floor is fine to coarse 
sandstone. The dip is from 55 to 60 degrees and the coal seams 
are extremely variable; but the variations seem to be due only in 
part to serious disturbance. In the Pechgraben area. v. Stembach 
saw e well-defined coal seams as well as numerous streaks of coal 
in the great Frana-Stollcn, where the dip is 40 to 50 degrees and 
the rocks as well as the coal are much sliattercd. The sandstones 
have been broken into great wedges, which interlock W'lth similar 
wedges of shale. The coal seams are thin and often are distorted; 
but they show variations, which clearly are not due to disturbance of 
the stratifleatiou* The third seam, where first opened at the out¬ 
crop, consisted of numerous streaks, one to 3 inches thick; it was 
prospected for a considerable distance in the hope that these streaks 
would unite; eventually the mass became 4 feet thick but about one 
half of the shale still remained. The sixth seam is 9 feet thick in 
the tunnel, where it has 5 day partings, in all 3 feet. But this seam, 
resting on shale with plant remains, is variable; in another tunnel 
the thickest seam is only 16 inches, while in another it is from 3 
inches to 2 feet. One cannot determine in the strongly disturbed 
area whether the seams are lenticular or not, but there are consider¬ 
able areas, in which according to the diagrams, there was little dis¬ 
turbance and the succession is normal; in these the lens-form is 
distinct. The coal is somewhat inlerior, havti^ 17.2 per cent, of 
ash. This Pcchgraben coal according to v. GBmbel,** shows woody 

i»C. W. V, Giiitibel, "Eeltrage, eic,,” iffii, p. tOc. 
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stnicltire distinctly after treatment witK Schultze's soludon; even 
the minute details can be recognSaed. 

The whole region of the Lias^ except locally^ is much dislurbcd, 
dips ol So degrees being by no means rare* but the coal throughout 
contains a high percentage of volatile combustible matter and yields 
a strong coke. Tlie Grestener deposits are very largely sandstone. 
No freshwater fossils were noted by any of the observers but there 
is abundant evidence of repeated invasions by the sea ■ the marine 
moUmks belong to off-shore types. 

Hungary .—The importance of Liassic coals in 2^.ustria^ where 
land conditions became pronounced, prepares one for the great de- 
velopment farther east in Hungary. The coal-bearing formation 
belongs to the Lower Lias and, according to Hantken,** the coals are 
as important to Hungary as the Carboniferous coals are to Eng¬ 
land^ Belgium, France and Germany, the seams being thick and the 
coal good. There arc five important districts: Doman-Resicza. ' 
Steierdorf-j\nina, Eerszaszka, Funfkitchcn-Uralja and Neustadt- 
Torzburgj the first three arc in the Krassoer Comilate between 39 
and 40 degrees of Longitude and between 44 and 45 degrees of 
North Latitude and are near the Serbian border; the fourth is near 
the 36th meridian and the 46lh parallel while the fifth is in Tran- 
sylvania, dose to the border of Roumania. 

In the Doman-Resicza district the Lias rests on deposits of 
Dyas age and ihc dijj is from 30 to 90 degrees, at times overturned. 
Two seams, 40 meters apart, are intercalated in the sandstone mass. 
The thickness o£ each is from nothing to nearly 3 meters and the 
v'ariatton i$ as marked along the strike as along the dip. Each has 
cLvy as floor and roof, so that the coal is apt to be dirty. 

The Lias sandstone in the Steierdorf-Anina district rests on 
Dyas. It is 160 meters thick, light in color, is almost clean quartz 
sand with some mica and little day or cementing material. There is 
about to meters of other rock, including the coal seams. These 
thicknesses* according to Hantken, are averages only, for all por- 
titms of the section* especially the coal scams, are variable. Eleven 
coal horizons were seen* of which 5 have workable seams, one to 4 

Jfr Haiitkeri, ""Die KohtenQitxe* etc, der Uaearischen Krone," Buda¬ 
pest, rSTS, pp. 44-118. 
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thick. Immediately above the lowest seam is a laminated 
sandstone, carbonaccotis and containing rnany plants of swamp 
types. The upper part of this sandstone, floor to the second seam, 
is somewhat argillaceous and holds vertical plant remains resembling 
roots. The coal seams ewuist ordinarily of several benches, some 
of them good, but others tvorthless, Kudernatch’s section at one 
locality shows (i) upper bench, clean coal, o.yta; (3) earthy, im¬ 
pure coal, a nuxturc of Fascr and bright coal, locally known as 
“Brand” O.552J (3) middle bench, clean coal, 1.035: (4) ci^l and 
shaly coal, 0,053; (5) bench, dean coal, 1.3&4; (S) impure 

coal, not mined, has steeMike luster. O.154; total, S-Spi meters, 
'fhe coal is in bright and dull laminse, but the bright predominates. 
The Hangendfiotz also has the Stahlband as faux-mur. The roof 
and floor of all the seams arc shaly sandstone with remains of 
plants. In the lower coal group, ferns predominate, m the upper 
group, cycads are abundant. These groups are separated by 97 
meters of barren measures and Hantken is inclined to regard the 
upper one as belonging to the Middle Lias. About 74 nieters of 
bituminous shale overlies the sandstone mass and contains streaks 
of coal as well as layers of iron ore. Some portions of this shale 
yield 3 to 7 per cent, of cnide oil. from which paraffin and illuminat¬ 
ing oil are obtained. The Liassic in this district is apparently of 
freshwater origin; the variations in thickness of the coal scams arc 
due in very small part to compression, as is evident from the many 

illustrations given by the author. 

Gr^nd'Euiy^ in tlie memoir alrKidy cited^ slates that the coals 

at Anina and Bregeda rest on soils of vegetation. At Brcgcda, 
where the coal is anthracitic, the mur and partings have many roots 
in pbee, some of them spreading out under the coal and much 
di«dcd, white others are erect and cross several layers of the shale. 
At Aniiia, where the coal is fat, woody roots arc in the mur and 

heTbacEott& roots in the partings. r 

The greatest thickness of coal is In the small area near Funi- 
ktrehen, where the coal group, consisting of alternating sandstones, 
marly shales, clay shale, coal seams and layers of iron ore, rests on 
Rhaetic beds and underlies the marine Middle Lias. It is about Soo 
meters thick. Not less than iSo coal horizons have been recognized. 
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with 25 to 28 workable seams. The thicknesses vary greatly and, 
at times, the rapid increase of earthy matter renders an important 
seam worthless. Mining operations are extensive and the horizons 
have been correlated dosely. The succession of the thicker scams 
from below upward is 

I. and IL, 24 to 36 inches, mostly unworkable; 

III., IV., VI., 36 to 48 inches, one half to three fourths good coal; 
Vll., VIII., IX., 24 to 30 inches, occasionally too thin for working; 
X., 18 to 24 inches, a hard coal; 

XI11. to XIX., 12 to 24 inches, light, caking coal; 

XX., 20 to 60 inches, coal similar to the last; 

XXII., o to 60 inches, often absent; 

XXIV, to XXVIII., 20 to 24 inches, coal is hard. 

Almost the tvhole of the formation was crossed in the tunnel 
at Vasas, where 174 seams were crossed in 717 meters. The total 
thickness of coal is 52 meters, but one half of it is unavailable be- 
<^n$e the seams arc too thin or the coal is impure. 39 seams,*with 
thickness of somewliat more than 14 meters, arc marked as con¬ 
taining dirty coal. 

The mining districts are Fuiifkinhen, Sxabolcs and Vasas. In 
the Funfktrchen district, dips arc 30 to 50 degrees and seams less 
than one foot are rarely mined; those of more than 2 feet are usually 
divided by partings. The mass, numbered XI. and Xll. in the Vasas 
tunnei, consists of (i) clean coal, O.40; (2) shale, 0.25; (3) clean 
coal, 040; (4) carbonaceous shale, 045: {5) clean coal, 048; (6) 
carbonaceous shale, 0.05; (7) dean coal, 0.25; (8) carbonaceous 
shale, 0-2t>; (9) dean coal, r.oo; (10) dirty coal, 0.60; (ii) (Jean 
coal, 0.60; (12) shale, 0.05: (13) dean coal, 040; (14) carbona¬ 
ceous shale, 0.20, resting on sandstone. The roof is shale contain¬ 
ing mullusks. Other seams are double or triple and the partings 
arc day or carbonaceou.s shale. Of the 512 beds of rock cut by the 
Vasas tunnel, 8 contain marine fossils; three of them being in the 
highest portion, 70 meters, a transition to the overlying Grypiiara 
beds. Many marine mollusks have been obtained from the r^f of 
coal III., the floor of XVIII. and the partings of XIII, and XXIL 
These are Osirea, GerviUia, Panoptra, Lima and other ofF-shore 
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genera. Faux-nmr and faux-toit are conimoti. The dip is high 
and the coal is tender ; of that mined at Fiiiifkirchen, only one per 
cent, is lump, pieces as large as a man’s head; 20 per cent, is coarK, 
30 millimeters or larger, while the remaining 70 per cent, is “diist ; 
volatile in this district is about 18, but in the Saabolcs district it is 
about 23. The coal is black, tender and in great part caking. The 
gas is low in iUuminaiits. 

The flora of Fiintkirchen consists of ferns, cycads and lycopods. 
some of which seem to persist tliroughout the Lower Lias. Leaf’ 


bearing beds seldom ovcrlte coal seams. 

In the western part of the southern area, that of Neustadt- 
Torzburg, the coal-bearing Lias rests on crystalline schists and con¬ 
sists of brown, ai^llaceous, micaceous sandstone, wbich, 
increasing content of plant remains, becomes darker and finely 
passes into carbonaceous shale, containing streaks of coal. Tlie 
roof is a qiiartzose sandstone without trace of plants. In the eastern 
division, the schists are not reached and the coal group, consisting 
of sandstones, marls and coal seams, rests conformably on hm^ 
stones There seems to be but one coal scam, one to 2 meters thick, 
but the region is so broken by folding and faulting that a detailed 

section cannot be obtained. ^ 

Hantken called attention in the first edition of his work to the 
presence of roots in the floor of coal in the Steierdorf 
Zincken," soon afterward, noted that near Kota, m the Smicrdor 
district the same horizon yields abundance of roots in verticad posi¬ 
tion Gothan,^' having seen the root-bearing underclays associated 
with Jurassic coal scams on the Yorkshire coast of England, thought 
wholly probable that similar clays might be present in the Funf- 
kirchen area. His examination was successful though, owing to 
physical conditions, it covered only a portion of the distrirt. At 
one locality, he found under coal Vll. a characteristic underchy 
with irregular branching coaly markings, varying in direction and 
t»C. F. Zmelien. “ Ersiazunsen ru die Pliyno^raphie d« BraunkohW 

uher die Eiwtehung ^ 

IjDhlcufldtie bel Fuafkircbeii (Fees), Unsamr Sitf, k. pr^ius. Akad„ VIIL 
igiOL ppi. 13&-I43- 
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wholly resembling roots. At anotlier^ he discovered a rhizome with 
its rootlets, which made the reklions of the other markings clear. 
'"Through such horizontal rhizomes, the analogy of the Mesozoic 
underday with the Carboniferous Stigntaria-beds and the recent or 
siib-reeent reed beds is the more marked.” Koots are rarely recog¬ 
nizable ill freshly exposed rock but they are sufficiently distinct 
after slight wreathering. Golhan removed the debris for some 
meters at several borizoiis and in one day he found well-marked 
underclays with roots^ associated with S coal seams. In all* he un¬ 
covered such days under la seams. 

—^athorst- has described a sandstone group mid¬ 
way in hJs Jurassic of Spitsbergen. It contains coal seams and 
freshwater moUusks. A coal seam is exposed on the south side of 
Cape Bohemian^ underlying sandstone and resting on shale or shaly 
sandstone. Leaves abound above the coal. Ginkgo^ Baiera, with 
cj'cads and some ferns, and Eh tides is under the coaL Bituminous 
sandstone with plant impressions and a scam of coal was seen at 
another locality^ where, somcivhat higher in the section^ there is a 
soft dean sandstone with the same plants as well as freslnvater 
mollusks, Lfo^ld.r and Unw; but still higher is a deposit with fossil 
wood and marine mollusks. The same group was seen on the shore 
of Van Keulen Bay, where the lower portion contains some thin coal 
seajns and some clay ironstone. 

Siberia .—Coal seams of Mesozoic age are present in extensive 
areas wdthin Siberia, Their place in the column had not been de¬ 
termined when the description cited was prepared,^^ They were 
taken to be Jurassic ^ but they may be in part Rhaetie. 

In the region between the Yenisei and Irkutsk rivers, the coal¬ 
bearing portion of the Jura, 6o to 90 meters thick, consists essen¬ 
tially of sandstone with subordinate beds of conglomerate and shaly 
clay^ Fat and dry goals are here and boghead is not rare. A small 
area, about lO kilometers sgtiarc, of the freshivater Jura, near 

“A. G. Nathar$t, "Beitrage zur Geologie der Baren-Injel, Spstibergcns, 
tiucl des Kofiig-Karl-Landesj'’ Bull, GfoL Inst. Upsaht Vflt X, r^lO, p^p. 362, 
363. 

**"Apcr^ dc5 explorations geologiques et mirtleres ic long du Transst- 
berien,'" public par le Comite G^logiqtie de Eassie; ipoo, pp. 66 ^ 86^, gj, 
175, i&, 190^ ig^, igg. 
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Tcherenikhovo la the govemnicnt ol Irkutsk, shows about 65 meters 
of friable sandstone, m which are 3 coal scams from a half meter to 
nearly 3 meters tliick. The coal is good, caking and has from 3 to 
10 per cent* of ash, though occasionally it has more, in one case, 25 
per cent. The sulphur is low. 

The Transsiberian railroad crosses the brown coal basin of the 
Middle Tchoulym River between the cities of Mariinsk and .Artinsk. 
In this basin, embracing not less than 7,000 square kilometers, the 
rocks,almost horizontal, arc sands, argillaceous sands,graveU, sandy 
or plastic days, freshwater limestones and coal- The mass is 260 
meters thick and contains numerous lenticular scams of brown coal. 
These have small areal extent, the largest being 2 or 3 kilometers 
long by a kilometer wide, hut the maximum thickness in the lenses 
is from 2 to 6 meters, though in some instances it is far greater, 14 
meters at one locality. The coal ordinarily rests on clay, wnth an 
intervening faux-mur, and passes upward into a friable coaly ma- 
terial. resembling peat, on which rests clay or sand. This brown 
coal is excellent, that from the mined pontons of the lenses having 
barely 3 per cent, of ash, and the quantity in this field is said to be 
"colossal." Another area of brown coal was seen on the Upper 
Tchoulym River, but the quality is inferior, there being at times as 
much as 30 per cent, of ash. In other areas, farther west, some 
seams of brown coal are very thick- In the extensive region along 
the Angora River, the coals approach boghead in their general fea¬ 
tures and they have from 10 to 34 ptr cent, of ash; hut some of the 
seams yield excellent caking coal. 

No Mesozoic coal is reported from the Transbaikal region, 
where Jurassic deposits seem to be wanting; farther east, in the 
Upper Amur Basin, some coal seams were observed, which are thin 
and of no economic importance; but on the divide between the Amur 
and the Zeia Rivers, Jurassic beds occupy a vast area and consist 
of gray or greenish sandstones with conglomerates and coal seams. 
Excellent coal has been obtained from a seam on the Grande-Bira 
River, In the eastern provinces, rocks vrere found similar to those 
of central Siberia, ivith several scams of coal, one to 2 meters thick 
and yielding anthracitic as well as cakii^ coals. 
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NcTi/ —According to Hutton conditions favCFrmg ac¬ 

cumulation of coal existed in New Zealand at several horizons^ but 
only during brief periods- The seams are nowhere thick enough to 
repay mining. One. 6 feet, is merely carbonaceous shale with 
numerous streaks of coaL 

The Jurassic area of northeastern Alaska was ex¬ 
amined by Collier,^ who made a reconnaissance sur^-'ey of the Cor¬ 
win formation, probably Upper Jurassic, between meridians 163 and 
165, beyond the 69th parallel. The format ion is present at 100 
miles farther east and notes by other explorers lead to the belief 
that it extends far inland; CoUier^s studies were conrined to the 
Arctic coast line. Lithologically, the formation consists of thinly 
bedded shales, conglomerates, sandstones and coal seams. Shales 
predominate, more or less calcareous, gray brown to black and vary 
from mere mudstone to sandy shale. The sandstones and con¬ 
glomerates are few and seldom exceed 10 or 12 feel. The pebbles 
are of quartz and chert, the largest being about 4 inches in diameter. 
The thickness is at least 15,000 feet and the coal area within the 
district covers not less than 300 square miles. ^^lining operations 
were insignificant and the studies were made almost wholly upon 
outcrops. 

The coal seams appear to be in two groups, Corwin, above, and 
Thetis. below\ separated by a great thickness of barren measures. 

Tlie highest scam In the Corwin* 4 feet, 6 inches and without 
parting, is enclosed in black shale or shaly sandstone. Some thin 
beds and impure coals w-ere seen in the inten'al, 1,000 feet, to the 
next workable seam, w'hicb is 5 feet thick and divided by tw^o thin 
parling,s of clay. Its roof is shaly sandstone and the floor is hard 
clay. The next scam, 500 feet lower, is the Corwin, w-hfeh was 
opened many years ago* bnt the opening wa^ inaccessible at the 
time of Collier's visit, being covered by a great snowdrift. This 
seam, about 1,000 feet above the bold conglomerate of Convin Bluff, 
is said to be 16 feet thick, of which 7 feet are practically clean coal, 

F Wi HuttoTi, “ Geolagy of Otago.^^ Ehinedm. 1S75, pp. 9^ 100; GeoL 
Survey of New Zealand, Reps, for ifi 73 “ 74 p 3^ 

A J. ColUcr. Geology md Rcionrces of the Cape Li$faunic Regian, 
Al3skau“ U. E. Gcoi Survey. BulL 578, i9o6<. pp. 27^ 38 , 37-4®^ 
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the nest being so badly broken by partings as to be worthless. The 
interval to the conglomerate of Convin Bluff is filled with shale, 
holding at least 8 coal seams. The cliff could not be reached and 
the thicknesses of only three could be estimated i 4i 3® feet. 

An irregular seam underlies the congloiticratc and rests on sand¬ 
stone; it is in pockets but the coal is good in spite of the distortion. 
Lower seams were seen in the next i ,ooo feet, not distorted, as they 
are in soft shale, which took up the strains. 

Below the lowest seam of the Corwin is a series of barren meas¬ 
ures, about 8,000 feet, in which only thin streaks of coal were seen; 
this overlies the Thetis group, which is reached at 6 miles east from 
Convin Bluff and its highest seam is known a,s the Thetis, 6 feet 
thick, and opened many years ago. Ten scams were found in the 
succeeding 700 feet of shale, only tivo of which are likely to prove 
important. 

This necessarily imperfect record suffices to show that the quan¬ 
tity of Jurassic coal in northwestern Alaska is enormous. Some 
cannel is said to have been found in the Corwin group, but Coffier 
saw none. 

Juba-Tri.\ssic. 

Generally speaking, it may be said that where the succession is 
complete, there is always a portion of the column, which is de¬ 
batable ground, and there is difficulty in determining the boundary 
between formations. In some cases, unconformities due to folding 
or to erosion offer evidence on which to base a final determination; 
but such areas, though large in square miles, often mark oiily local 
adjustments, similar to those observed within formations, but which 
no one regards as important- Occasionally, the matter is compli¬ 
cated by lack of fossil remains. Such ts the condition in a great 
part of Australia, where it has not been possible to divide satis¬ 
factorily the great mass between the Permo-Carboniferous and the 
Cretaceous. Jack and Etheridge” recognize a Trias-Jura system in 
Queensland, which Jack has divided into the Ipswich and Burrum 
formations. 

!• R, L, Jadt and R. Etheridge, Jr., " Geology', etc,, of Queensland,” 1892, 
PP. 3^ 

moc, AMta- nnu soc, vou tvii, a, 30, 1918. 
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The Ipswich or newer formation occupies an area of about 
12,000 stjuare miles in southeastern Queensland and consists, for 
the most part, of fine conglomerates, grits, sandstones and shales 
with seams of coal and beds of fireclay. At a fewr miles south from 
Brisbane, W. K, Rands saw a mass of coal and carbonaceous shale, 
12 to 13 feet thick. The "best ” coal is in the lower portion; some 
pieces of hard bright coal, free from shale partings, contained 24 
per cent, of ash. A seam in the same neighborhood shows (1) coal, 
4 inches; (2) shale, 2 feet, 2 inches; (3) coal with bands ol shale, 

I foot, 6 inches; ( 4 ) good, hard coal, 5 feet, 3 inches ; (5) shale, 3 
inches; (6) fireclay, 2 inches; (7) shale tvith bands of coal, 5 feet, 
6 inches; (8) fireclay, I foot, 4 inches; (9) coal, 2 feet; (10) black 
band, 8 inches; (it) coal, 5 f«l, 3 inches; {12) hard sandstone. 2 
inches; (13) coal, 4 inches; in all, 24 feet, 11 inches wdth somewhat 
more than 14 feet of coal aside from the thin bands of coal in the thick 
shale division. A piece from No. 11 had 19 per cent, of ash. A shaft 
in this district cut one foot of cannel and, lower down, a seam of hard 
and bright bituminous coal, but the sample from it contained 31.61 
per cent, of ash. The coals in this district are much broken by 
partings and high in asb ; yet, there were times and places during 
and in which conditions favoring accumulation of clean coal ex¬ 
isted ; tor a piece taken from a thin bench at one locality showed 
only 2,5 per cent, of ash. 

The type district, that of Ipswidi, about 30 miles west from 
Brisbane, was examined by A- C. Gregory. The best seam near 
Ipswich is 5 feet, 6 inches thick and contains 3 to 4 feet of coal, of 
which the best contains about 11 per cent, of ash. Beyond Brisbane 
River, the seams contain comparatively little coal and that is usually 
poor; but one of them becomes 4 feel, 6 inches at one locality and its 
coal has barely 9 per cent of ash. This seam, however, deteriorates 
in ah directions. This variability characterizes seams throughout 
the district; a thin scam may be disseminated in a mass of coaly shale, 
20 to 30 feet thick. Gregory ascertained that the quality of coal 
bears some relation to its distance from the northern margin of the 
field, the ash increasing in that direction—that is, toward thu border 
of the great valley in which the coal measures accumulated. 
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Going westward from Ipswich along the railway to Toowoombap 
one reaches low-cr members of the forniation, which have seams of 
cannel at many local! Eies ; the associated rocks are sandstone and 
shale. A thick seam on Biackfellow's Creek shows ( l ) coal, I foot; 
(2) fireclay, I foot; (3) coal, 6 feet; (4) while clay, 1 foot; (5) 
coal, I foot; (6) day shale, i foot; (7) coal, i foot; (8) a thick 
bed of fireclay and shale. The coal in all benches is hard cannel, 
so that the whole of it is available. There ate some seams of bi~ 
tiuninous coal, caking, in this region but they are thin. Near Qifton 
Station on this railway, a slraft cut three scams al 60, 80 and 100 
feet from die surface. The low^est is a rich, very hard “oil coal"; 
the middle seam yields good caking coal and the highest^ 4 to 5 feet 
thick, consists of bright bituminous to dead-black oil coal/^ all 
being hard and tough. From the descripdonr it w'ould appear that 
the cannel is in lenses wnthin the bituminous coal. ITie towm of 
Warwick is on an qulcrop of sandstone, which holds a great quan¬ 
tity of fossil wood, tisiially replaced with iron ore. The coal be^ 
tween Warwick and Walloon is mostly cannel, w^hich yields a high 
percentage of gas or of oil and paraffin. 

The only mollusk recognized is Umo. Vertcbrnna is in the un¬ 
de relay of a coal scam near Tivolt, From various horizons, tliere 
were collected ii genera of ferns, 4 of c^xads and 5 of conifers. 

The Bumiin formation or lower portion of the Trias-Jura is 
exposed in a continuoiis area of about 3,000 square miles as well as 
in some small areas. Not much development had been attempted 
prior to 1S92, oiving to lack of railroad communicalton; but com¬ 
paratively extensive operations were under w'ay near Howard^ about 
150 miles north from Brisbane. There W. H, Rands measured a 
section of 1,015 feet, representing the top fifth of the formation and 
containing 6 seams, i foot, 8 inches to 5 feet thick, which w^ere 
mined. These coals are of good quality, low in ash, are caking and 
yield a good gas for illuminating. The coal seams geueraJly arc ir¬ 
regular, The fauna is scanty, a few specimens of Cortkida and of 
RpceUdria hav^e been sf^n. Tlie flora is almost equally scanty and 
is represenled by a few- fragmentary specimens belonging to 4 
genera of ferns, 2 of cycads and one conifer. 
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In New South Wales,^ strata seen on the Clarence River Dis¬ 
trict have some msignilicant streaks of coal and the flora has Juras¬ 
sic affinities. The rocks are conglomerates, sandstones and shales, 
and the coal seams are unimportant. The Wianamatta beds, about 
700 feet thick, are older and more argillaceous. Entomosiraca 
occur in die upper layers. The coal seams are, at most, only a few 
inches thick. The Hawkesbiiry series, resting on the Permo- 
Carboniferous, is about 1,000 feet thick and consists of ycllowish- 
ivhite sandstone with a few beds of shale and conglomerate and 
some streaks of coal, without economical importance. The sand¬ 
stones show much false bedding, usually directed toward the north¬ 
east, but reversal of the currents is evidenced by occasional indina^ 
tion in the opposite direction. Contemporaneous erosion of the 
sandstones is proved by old channel-ways filled with gravel and 
angtilar boivlders are not rare. Wilkinson diought the false bed¬ 
ding due to currents in shallow water; but he cites J. E. Tennison- 
AVoods, wlio asserts that the peculiar structure is evidence that these 
sandstones are a wind-blown formation. Plant leaves and frag- 
nientaiy stems as well as remains of fishes are in both formations 
but no remains of marine animals had been discovered. The later 
Studies of the New South Wales geologists make it clear that the 
relations of the Wianamatta and Hawkesbury to the Triassic are 
%‘er>’ dosc- 

TalASsrc. 

The term Trias is of German origin; on much of the continent, 
the system is triple or was recognized as triple, being divided into 
the Kctipcr, Muschclkalk and Buntcr. In later years, the Rhsetie or 
Infra-lias has been taken to be more dosely allied to the Trias, so 
that now the divisions are four. 

Within Great Britain, Rhsetie, Kcuper and Buntcr have been 
recognized, but the JIuschelkalk or limestone division seems to be 
w'anting. The several formations consist of coi^lomcrates, shales, 
marls and sandstones t the Buntcr in considerable areas passes down¬ 
ward gradually into the Permian, Rock salt and gypsum are in the 

C. S, Wilkinson, " Notes on the Geology of New South Wales,“ Dept 
of Mines, Ss'dney, 1^, pp, 53 - 35 - 
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Upper Keuptr. The whole mass is apparently without coal The 
sandstones in veiy many cases are false bedded ^ suggesting wind- 
drift structures; footprints abound numerous localities. The 
general features have led some English geologists to believe that the 
Trias of that country was formed during desert conditions. On the 
continentj coal was formed during the Upper Keuper as well as in 
the Lower or Kohlenkeuper. There appears to be none in the AIus- 
chelkalk or Hunter sandstone. Salt and gypsum arc in the marls of 
Upper Biinter, footprints are numerous tn the Middlep while the 
sandstones of tlie Lower Bunter are usually false bedded and foot¬ 
prints are abundant. As in Englanclp the Bunter of north and cen¬ 
tral Germany passes gradually downward into the Pemiian. 

—Coal is present in the Rli^iic of Sweden. Hebert"* 
States that at Rairdoesa, 4 or 5 kilometers southeast from Helsing- 
borg, he measured a section of somewhat more than 240 feet^ con^ 
sisting mostly of black shale^ with a streak of coalp 2 centimeters, 
at the top, and another, 3 decimeters, at the base. The latter was 
mined. The shales associated with this coal yielded no plant re¬ 
mains to Hebert, but other collectors had obtained specimens p which 
are in the museum at Lund. Plant impressions were seen in a 
sandstone, midway in the section. Plant structure Ss distinct in 
*lhe coal. Gcikie,” summarizing results obtained in this region by 
Nathorst, E. Erdmann and G. Lindstrom, says that the area of 
these Rhsetic beds is about 250 square miles. They have been 
divided into a lovrcr, freshwater group, containing workable coal 
scams, and an upper, marine group Avith only poor coal but abun¬ 
dant marine organisms. Clay ironstone occurs tn the lower group 
and beds of fireclay underlie the coal seams. 

France. —Senner^® described the Keuper area of the Vosges, 
northeastern France. The Upper Keuper is triple; variegated marls 
on top, dolomitic limestone in the middle; the low'er division is 
(i) variegated marl, 1.50; (2) micaceous sandstone, more or less 

p 

2b E, HebcrT, "Notts sur ies gr^s tiifralia^siquci de Sconic (Snede)/* 
Buli Sec. GeoL Fronr^. II-, VoL 27, 1S70, pp. 3C6-3?tS, 

Geikie, ^Tcjct-Booli of Otology," jd esL, 1893, pp. 8170, Sm 
M. Servier, ** Notes gidlogiques sur 3 es mines dc houtllt de Xorroy 
(Vosges)/" Buli See. M. Min., L IV.* PP- s 84 - 39 ®- 
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argillaceous, with cLbiindant in^pres^ions of plants and aniinals^ 3-5''^* 
(3) laminated shak^ argitbceonSj with leaf iitipresstons, 0.05 to 
0.15; (4) coal, OJ25 to 1.00; (5) btack-brmsTi carbonaceous shale^ 
with great abundance of vegetable impression5^ ill-preserved but 
remarkably like modem swamp plants, such as reeds and fems^ 
0.50; (5) marly shales with plant impressions and P&sidQniaj 0.90; 
(7) shaly sandstone with remains of plants, 0-50; (S) silicious 
fetid limestone, 3,00: totaU 10.40 meters* This rests on the Lower 
Keuper, mostly variegated marls with gypsum and salt. The dolo¬ 
mite n^arks a notable change in conditions; bebw^ it* the deposits 
arc micaceous and sandy* with abundant remains of plants and 
animals; but above il* marls predominate and ren^atns of any sort 
are rare. 

The coal seam varies greatly in thickness j at times it bifurcates, 
at others it disappears. These variations are not due to disturbance 
as the dip is less than 3 degrees. Kidneys of dark calcareous iron 
ore are in the coal* now concentrated under the roof but again 
scattered throughout the seam. Pyrite is abundant. Where 
thickest* the seam is triple* showing (i) upper bench^ variable, con- 
si sting at times of alternating bright and dull laminations, when 
the coal is rejected as it bums badly and is uot reduced to ash: 
commonly* however, it is brilliant black and an excellent fuel; 
(2) middle bench, not always present; its coal is glossy black, is 
almost utitfornij bums well and is reduced to red ash; it encloses 
vegetable remains* some of them root-like; (3) lower bench, has 
brilliant black coal* yielding a brown powder. 

The quality and thickness improve Icjward the north. At the 
south* near La Marche, Romain and Talliancourt, it is replaced with 
clays containing great numbers of tree SEems. Mining begins farther 
north near la Rouville and Cromville, w'here tlic thickness is 045 
to 0.30; at Norroy* it becomes 040 to o.So, but at Gcmmalaincomt 
and Farcy it is r meter. Fragments of shale* quartz and sandstone 
with rounded angles occur occasionally in the coah The lenticular 
fonn of the seam is distinct. 

The same horizon has been recognized at widely separated locali¬ 
ties in France, though coal is rarely present. Rouville**^ describing 
P. de Rouville, Comptfs Rirndus^ n 4S, TS57, pp, 696^-69^. 
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the Trias of Aveyroii add Hcraiili, states that the abundant coaly 
impressions of plants in Keuper beds had induced many to search 
for coal but without success. Grand'Eury saw some coal in the 
Keuper of Nice which contains stems of EqulsetUes and in the shale 
are rpotlets of these plants. At Gemmabincourti he found 
tites roots in the underclay but bark and seeds are in the coaL 

Gerttmny ,—^The Lower or Kohlenkcupcr contains at many places 
in Germany the Lettenkohle^ which Credner^- describes as a car¬ 
bonaceous claVp filled with plant remains and at times passing into 
impure coal. Near Siwicra in Poland there are 3 beds 30^ 50 and 
80 inches thick. Sandberger*^ published records of mmierous sec¬ 
tions of THassIc deposits obtained in Unterfranken of Bavaria. He 
offers no conimcnlSp but the records suffice to prove irregularity of 
deposit* Two Lettenkohle sections near Wurzburg exhibit the 
triple structure. That obtained between Wurzburg and Rothen- 
dorf show's at top of the middle diviston a yellow fine-grained sand¬ 
stone w'ith many erect rootSp while at base of the division is a zone 
with abundant remains of plants. This rests on the Hauptsaud- 
stein of the lower division, pari of which h diagonally bedded. No 
coal IS present. In the other sectionp between Wurzburg and 
Schweinfnrt, plant remains abound m both the upper and the 
middle diviston, but coal is wanting; the top layer of the Hauptsand- 
stein is argillacecus sandstone with many rootSp while at the base is 
a finegrained sandstone with irregular layers of pulverulent coal. 
A section of the Krainberg gives these details respectiiig the middle 
division: (i) clay shale, with Lettenkohle at base, 3.66: (2) shaiep 
0.^5; (3) sandstone ’ivith rootSp i.iS; (4) clay shale, t.l8; (5) 
Lettenkohle and plants^ 0.70; (6) ochreous limestone^ below 
which to the base are sandstone, ochreous limestone^ clay shale and 
sandy shale, all apparently w ithout coal. The sandstone. No. 3, is 
the root bed for plants which produced the impure coal above it 

The conditions seem to have been much the same at all localities 
where Lettenkohle exists. The coal is irr^ular in occurrence and 

is IT, Credner, " Elemcnle der GeologEe/' 8tc Aufl-, 1697^ P- 535- 

^ F. V. Sandberger, DEe L^erung des MuscheDcalk- utid LettenkohUu 
Gruppe in UnlerfrankcP," ytrh. Pkyi. Mrd. GfsdU. lVur::buri;, Band XXVL, 
i8gi3p pp. 300, 3oSr 2CKS- 
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usually is of lillle vain*, llte luflux of foreign matter into the 
petty swamps was too great to permit accuniuSation of dean coal; 
but root-bearing underdays and soils of vegetation without coal are 
characteristic features, v. GiimbeF^ states that Lettenkohle from 
Guildorf in Wurtemberg and Schwdnfurt in Franken gives a weak 
brown tint to solution of caustic potash; it is easily decomposed by 
Schultze's solution and woody structure is distinct in the residue. 
Rhstic coal from near Bayreuth reacts to Schultze^s solution as 
does Lettenkohle. Many layers of this coal appear to consist almost 
wholly of pollen exmes. 

—An important area of Triassic coals is in Upper and 
Lower Austria ; these belong to the Lunzer beds of the Upper 
Keupcr. A less important area is in Sudtirolp where coal is in the 
Weirgencr beds at the base of the Kenper^ 

The Upper Keuper area ’ivas studied by Lipoid^* and his associates. 
The Triassic deposits are in the interior of the northeastern .Alps and 
they have suffered more from disturbance than liave the Liassac 
beds of that region. Lipoid reports that near Baden, on the eastern 
side of the area, the coal and shale arc so crushed and inlcrtninglcd 
that definite sections cannot be made and tltat all attempts to obtain 
merchantable coal have failed. No mollusks were seen but Ctj/diJM- 
les aretjaceiss and PtcruphyUwn longifQlium are not rare. 

Hertle found only unimportant seams in the Lunzer sandstones 
near Ramsau; but in Kleinzelh where the sandstone is much dis¬ 
torted, 3 thin seams were seen, all marked by extreme variations 
in thickness, which seem to be due to compression during folding. 
At Ulienfeld on the Traissen River^ the dip is from 40 to 70 degrees 
and the coal scams, being betAveen sandstones, have been distorted 
seriously, Tbe thickness of one seam varies from one inch to 9 
feet Avilhin a short distance. The Lunzer sandstone is distinctly of 
freshAsater origin in this district, but it is between the Opponitser 
above and the Goslinger bcIoAV, both of them calcareous and con¬ 
taining marine fossils. The workable coal seams, 4 and 2 feel thick, 

W. V. Beitra^e, ett.,” p. 16a 

JtL V. Lipoid, G. V. StertiLath, J, Rachoy, and L HertIPp ” Da$ Kohloi- 
gebiet iti deit Nordo^dicheti Attn;ii" /aAr k. k. Beichs., Band 15, 1665, 

pp, 62-15^ 
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are in a mass of black shale, about 70 feet thick* Egtiiseiutn 
columnore is abundant in the black shales and beautiful specimens 
have been obtained from the roof of the upper seam. This seam, 4 
feet thick where first seen, is from 3 to 24 feet. Occasionally it 
divides into two or more benches, of which only one is persistent. 
The coal of Lilicnfcld and Klemzell yields 7^ to 74 per cent, of good 
coke and ash is from B to 14 per cent, in the raw coal. 

Hcrtle examined the area neat Kirchberg on the Pielach Ri%'er 
where the black shale n^ss has 4 seams of coal. Thi3-sh4de is 40 
feet in one tunnel, 48 to 60 m another, while in a third it is not 
less than lOD feet In one tunnel, the middle seam is 72 feet above 
the lower onej followed w’cstward, the interval becomes 50, 30 and 
18 feeL A similar convergence is that of the middle and upper 
seams, which actually unite with increased thickness. These rela¬ 
tions existed before disturbance occurred. Dips In this district are 
from 40 to 70 degrees. The coal throughout is tender and caking, 
giving 67 per cent, of good ooke; but the ash is high, averaging 15.8 
per cent In the Reh^rfeii area, the coal is deancr, having only 9 
per cent, of ash. Here distortions of the rocks are few* but other 
troubles are eucountcred; the seams thin away and frequently they 
pass into carbonaceous shale. Herders descriptions make it clear 
that the seams are lenses ^ sometunes joined by carbonaceous shale, 
but at other times wholly separate. The horseback seems to be 
a feature here, as in the older as w*ell as in the new^er coals. One 
tunnel reached sandstone, with no admixture of clay or coal, at 4S0 
feet from the mouth. It was pushed through the rock and again 
reached the coal. The lower seam at Loichgraben yields a good 
coal, but that from the upper scam has 52 per cent, of ash, though 
it looks like excellent coal. 

Rachoy found plant-bearing shales as roof of coal seams near 
Lutiz and he says that, near St. Anton, a bituminous limestone is 
the roof in some mines. The coal at several localities is good but 
at others the ash is very high, while the coal externally resembles 
the best in the district. This area is on the westerly side of the 
Lunzer region and, in most cases, the seams are thin. 

Ziiicken” states that plant-bearing shales are the roof at many 

C. F. Zinckm, Erginzungo^, etc." 1^7^ pp. tiO, it I. 
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localities; that the coal seams are distinctly lenticular in some of the 
important districts, and that the coal is caking at some places, but 
fton-caking at others. 

The Wengener beds are at base of the Keuper and nest on the 
Musehclkalk. Keyserling*^ found coal within these beds, west from 
Cordeville Valley on the southeasterly slope of Mt. Cordai in south 
Tyrol. The rocks arc alternating tuff sandstones, red, green and 
brown days and marls, interrupted by beds of limestone. Alt yield 
so readily to the weather that a detailed section cannot be made. 
The Hauptflotz, locally regarded as “workable," is from 4 to 5 deci¬ 
meters thick and is W'ell exposed in the bed of a stream, where it 
rests on dark limestone; elsewhere, it is frequently enclosed in clay 
and sandstone. The coal is laminated, some of it resembling brown 
coal hut other portions are much like stone coal. The transforma¬ 
tion is so far advanced that no trace of organic structure can be 
recognized by the naked eye. hut the mode of occurrence convinced 
the author that it was derived from w^ater-loving plants. The quan¬ 
tity of pyrite is remarkable. Coal rarely occurs at this horizon. 
The Lunzer horizon was rccc^ized by Lipo 1 d“ in Camiola 
(Krain) who saw near Idria coaly shale with streaks of coal, but 
he could discover no deJinttc seams. 

Hungary. —Hantken” reports that in the Fiinfkirchen region of 
Hungary a sandstone formation, 620 to 950 meters thick, underlies 
the laassic coal complex conformably. Its coals appear to be local 
and in most cases they are too thin to be mined. Fossils are not 
abundant; at one locality, Zamitts, Palissya and Tkauimtoptms 
have been collected; another yielded Cardmla and Acrodus, This 
assemblage is accepted as evidence that the mass is of Rhastic age. 
United States .—Triassic deposits of the Atlantic border extend 
in detached areas from Massachusetts to North Carolina. No coal 
of economic importance has been discovered north from Virginia, 
though thin streaks have been observed in Massachusetts, Rhode 

H. G. Keysertmg, "Ueber cin KohlenvorkcininiiKi in den Wengener 
Schiduen der Sudtimler Trias," Verk. k. t. CtoL Reiehs,, Jahrg. igoa, pp. 
57 - 61 . 

»»lf£, V. Lipoid, Jdhrb- If, t. GeeL Reitlu.. Bnnd 24, 1S74. p. 44 s. 

*»JI, Hantken, "Die Koklenflutien, etc,” pp. lOhj. 105. 
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Uland and Pennsylvania. McCreath*» slates that R Frasscr bad 
found coal in Triassic beds of York County, Pennsylvania, but 
neither he nor Frazer in his York County report gives a descrip¬ 
tion of the deposit. According to McCreath, the coal is deep black, 
with pitchy luster, brittle and with conchoidai fracture. ITie proxi¬ 
mate composition is: \\'ater at 225* F^, 4310; volatilCp 1S4S2; fixed 
carbon, 74.358 i sulphur, 0.528; ash, 2422. ITiere is no taidcncy 
to cake and the gases bum with non-luminous flames. The dried 
coal absorbs water with great avidity^ so that within a few hours it 
re-absorbs about 63 per cent, of the water originally present. 

The important region known as the Sichmond coal field is 
reached at a little way north from the James River in Virginia. 
Mining operations were begun a century ago and for many years 
they were on extensive scale, Irregutariiics in the seams and the 
many faults made mining costly and the local coal was displaced 
by anthracite from Pennsylvania. Operations now are unim¬ 
portant. 

Fontaine/* in the introduction to his descriptions of fossil plants 
obtained in the Richmond and adjacent areas, gave a synopsis of tlie 
relations. The Triassic rock s occupy several areas in a belt extending 
from Rhode Island to South Carolina. The most westerly area, 
termed the Palisade, is almost continuous from the Hudson River 
across Keiv Jersey, Pennsylvania and Maryland to about 75 miles 
southwest from the Potomac River in Virginia: it is without coal. 
The small area of Buckingham County, Virginia, is east from the last 
and like it is without coal. The Dan River area, still farther east, 
is in Virginia and North Carolina s it has some coal in the latter 
state. Tlie Cumberland (Famiville) area is small but has some 
coal seams of loral importance. The Richmond* 30 miles east from 
the Cumberland, is the last in Virginia* but the Deep River* still 
farther east, is in North Carolina and extends to the South Carolina 
border. 

Red beds prevail in the western areas but they are insignificant 
in the Cumberland and Richmond areas. Fontaine recogniicd three 

S. McCrealh, Second Geol. Sun-^ey Fcntr, Report MM, 1879, p. loj, 
■•I W+ M. Fontaine, Older Mesozek Flora of Virgin E&," U+ S. GcoL 
Survey, Moh. VI., iSSj, pp. 1 - 7 , 12-16, 32, 4 Sf 79 * 
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distinct groups in the Virginia areas: the upper group, consisting ot 
loose granitic sandstone or sandy shale, containing no coal but much 
lignite, resembling jet; silidfied wood is not rare; a middle group, 
coaUbearing, with a large proportion of black shale; a lower group, 
sandstone and shale. The sandstones of the lower group are not 
easily distinguished from the underlying granitoid gneiss and are 
loO to 600 feet thick in the Richmond area. The middle group is 
100 to 200 feet thick in the same field, where it usually has two 
thick scams of coal—but the number, thickness and quality vary 
greatly. At niany places the roof is a plant-bearing shale; Etjiti- 
setum rogersi is usually associated with Macrotaniopteris and its 
casts arc present in the coal. Schisonetira occurs in the underclay 
of the main seam. The plants described by Fontaine arc conifers, 
cveads, equiseta and ferns. 

Shaler and Woodworth" applied names to Fontaine’s groups; 
the .Chesterfield or upper group is 2,500 feet thick and consists of 
sandstone above, shales below; the Tuckahoe. equivalent to the 
middle and lower groups, consists of the coal measures, 500 feet, 
more or less, sandstones and shales, o to 300 feet, and bowlders, 0 to 
50 feet. 

The Richmond field was discussed many years ago by geoilogisls, 
who studied it when the mines were still in operation/* It is well 
to summarize the statements of each observer as the conclusions 
reached by them have been regarded as not in agreement and they 
appear to be in some respects contrary to those reached by obse^ers 
Avho have studied the region since mining operations practically 
ceased. 

Taylor reported that the deposits occupy a narrow trough, which 

deepens so rapidly toward the median line that coal mines are pos- 

N. S- Slialer aitd J. B. Woodworth, U. S. GtoL Survey, J9tli Ann. Rep, 

Fart i 8 p 9 , P 4 ^ . „ . . v n. ■ 

R. C, Taytor, " Memoir of a S«Uon Passing through the EitunsiMus 

Coai'Fidd near Richmond, Virginia," TrowJ. GeoL Sof, Pme., Part I., 181S1 
pp zJS-w: W. B. Rogers, " Reprifll of Annual Reports on Geology of Vir- 
rinia," t884, pp. " On the Age of the Coal Rocks of Eastern Virginia,’' 
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sible only on the eastern and western maTgins. iTie inajdmum 
thickness of coal, as far as can be ascertained, is near the middle 
of the eastern botder^ whence it thins toward the north and the 
south. The coal in all mines, of which Taylor gives measiirements, 
is near the base of the st^ction and rests on the granite or is separated 
from it by, at most, a few feet of shale. The overlying rocks, for 
about 40Q feet^ as cut in shahs on both sides of the trough, are 
mostly gritSp sometimes conglomeratic, ivith interstratified gritty 
micaceous, carbonaceous or argillaceous shale. 

In the northeastern part of the trough, he saw^ two seams, 5 
and 3 to 4 feet, separated by 10 or 12 feet of slate and about 10 
feet from the granite* there being a thin seam in the latter intenal. 
On die northw'estcm side* the seams are 30 feet apart and are 6 to 
16 and 4 to S feet thick. These are said to unite farther north. 
The low'cr seam, of rather inferior qualit^^ rests on the granite. 
On the eastern border* the Chesterfield shaft show^s (l) coal shalcp 
6 feet, lO inches? (2) coal, 5 feet, 6 inches; (3) coal shale, 3 feet; 
(4) coal, I foot, 6 inches; (5) hard grits, 2 feet, 6 inches; (6) shale 
and thin coal* 2 feet, 6 inches; (7) coah 7 to 4^ feet; (S) granite. 
The lowest coal has some variable partings. The sections on this 
side of the trough are much alike; but the coals, 4 and 6, are not 
always present and not infrequenlly some shale was seen between 
the coal and the granite. 

As the mines had been worked extensively prior to laylors 
visit, he had opportunity to examine considerable spaces from which 
the coal had been removed so that the underlying granite surface 
ivas exposed. Not rarely a boss of granite rose through the lower 
division of the seam; in such cases k tlic work was usually abandoned; 
but occasionally a drift was carried around the boss and entered 
a body of coal filling a hollow, 50 or 40 feet deep. There U no 
parallelism behveen top and bottom of the seam. The roof is 
irregular, rising and falling, and the depressions sometimes reach 
the floor, but they never conform to die irregularities of the granite 
surface. In spite of these irregularities* the lamination of the eoal 
is wholly undisturbed. The loiver part of the seam is less clean 
than the upper, but the coal is fat and coking throughout, 

Rogers was studying the region at the time of Taylor's visit. 
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His report, published in 1836, contained a brief statenient which 
adds important observations while confinuln^ those made by Taylor. 
He discovered that the overlying sandstone group apparently over¬ 
laps the coal measures and that the lowest coal seam is separated 
from the granite in most cases by only a few feet of shale. The 
coal thickens toward the center of the basin and, as a rule, the 
higher seams are the best. 

In the Ulidlolbian and several adjacent mines, there is ample 
evidence to prove that the coal accumulated In saucer-shaped basips 
to the thickness of 40 or 50 feet, while on the eminences of the 
same floor it Is thin. On the soutli side of the James River, the 
River pit was abandoned when the granite floor rose almost to the 
sandstone roof. Near Tuckahoe, on the north side of the river, the 
coal was found central in a small, isolated, cup-like depression. 
This coat rose gently 111 all directions from the shaft and thinned 
from 5 to 2 feet toward the edges of the shallow basin. This is 
several hundred feet in diameter and its strata vary little from the 
original nearly horizontal position. “ Everything lends countenance 
to the opinion that the surface of the primary rock, previous to the 
deposition of carbonaceous matter, was a r-alley of roUtng outlines, 
occupied by hollows and elevations, causing the first layers of 
matter, which were thrown down, to be deposited in greater thick¬ 
ness in some places than in others. As the lowest coal seam is 
separated from the ciy'stallinc rock by only a very few feet of shale 
and in some cases by none at all, it appears likely that the distri- 
hution of the coal was made uneqtial in thickness from the very 
commencement.’* 

In his later memoir, discussing the rebtion of the pbnt remains, 
Rogers stated that the most abundant plants are Equiseiittn 
colamnare, and a brge species of Zamitei. These 

occur in vast numbers immediately upon the coal or ioterbminated 
with it. They are accompanied by Calamitef, pecepterif and Lyco- 
podites. The Eguisettim is so abundant, at times, as to give a coarse 
coal consisting of alternate Jaminatiods of coal and shale with occa¬ 
sionally 30 bminations to the inch. Ferns are rare, aside from the 
great TtPfiiopterh, The only animal remains are those of hsh and 
some teeth supposed to be reptilian. The fish remains are in dark 
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shale associated with the coal; but scales along with teeth and plant 
impressions were seen at times in the upper part of the coal itself. 
Rogers saw nothing answering to the rib-clay of the Car¬ 

boniferous* These descriptions by Rogers niakc clear that a faux- 
toit is the ordinary feature; w^hile the presence of anifnal remains in 
the coal indicates e.xistence of pools on the swamp surface. Under¬ 
clays are in this field p but they do not hold Stigmuria, for Lef^ida- 
deftdron and Sigillarta had become extinct. 

LyeU visited this field in 1845. He was much impressed by the 
fact, already noted by Rogers, that stems are found so often erect 
and compressed vertically; he could think of no reason to doubt that 
the greater number of such plants, in beds abo^^e and behveen coal 
$eanis, and which he saw at localities miles apart, had growm where 
they are now enclosed in sand or mud. The great coal seam rests at 
times directly on the granite, but at others is separated from it by 
an inch or two of shale. He was mclined to think that the absence 
of deposits between the coal and the granite may be due to disturb¬ 
ances, which were considerable, as shown by the extensive faults. 

Mining operations ceased at nearly all localities about 50 years 
ago and the old mines* abandoned* soon became inaccessible. A 
long inter^'al passed before new studies were made and few*^ of 
these dealt with details respecting the cc^ds. Fontaine's detailed 
stratigraphical w^ork was done near Oover Hill in the southcasteni 
part of the field, where some work was going on at the time of hi$ 
examination. Ttiere he found thick deposits between the coal and 
granite and assigned to them a thickness of I<X> to 60Q feet. Clif¬ 
ford stated that in outlying districts of the Richmond basin there 
is only one coal seam, usually of great thickness and separated from 
the granite by a thin bed of shale, often not more than a few inches. 
This refers to the northern part of the field. It should be noted 
here that the earlier observers regarded the benches of coal as 
separate seams. 

** W. M. Fontaine* The Older Mesoioic Flora of Viririnta,'* U. S. Gcob 
Suryf^, Mon, VI., W. Clifiard, Richmond Coal Field. Virginia/' 

Trans. MancK Vol.XIS. L C Russclt ^‘Thc Newark 

System,'' U. S. G- S. Bull SSt fP ^ 3 ! N. S. Siialer and J. B. 

VVoi>dworthp ""Geology of the Richmond Basin, Virginia," 151th Ann. Rep. 
U. S. G. S., Part II.. lEg^, pp. 42J-426, 4S3- 
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RmseU asserts that the coal scams of the Rkhmond basm are 
Trregtiljir and greatljr disturbed by faulting. They are not cotitinu" 
ous though they are approximately at the same horizon. He regards 
them as overlapping lenses, individual deposits thinning away. A 
thin seam in one mine may be the important one in another. As to 
the interval to the granite, he cites O. J. Heinrich, who in 18^9 
ported that at Midlt^hian the coal is at 570 feet from the granite; 
also Fontaine, who in 1SS3 stated that the inten-al at Oover Hill 
is 250 feet, Russell suggests that the luxuriant subtropical vege¬ 
tation of these Triassic lowlands has its neatest modem analogue 
in the fem forests of New Zealand. The gTound must have been 
covered with ferns, above which rose cqutseta and the great ferns 
with palm-like leaves; cycad forests with pines of Arauearian type 
covered the upland. 

Shaler and Woodworth report that the lower barren beds, under¬ 
lying the coal measures, are not always recognizable with certainty; 
sometimes the barrenness may' be due to lack of coal accumulatioii 
at the locality, but there am places w'here the coal group is fully 
developed and where a considerable thickness of barren rocks was 
seen, Tliese authors offer no explanation of the origin of the 
bowlder beds occasionally observed at the base of the section. They 
consist of granitic bowlders with a partial bedding of reddish gritty- 
sandstone, Plate XXI, of the report illustrates w‘cll the disin¬ 
tegration of the granite, which proceded deposition of Trias in this 
basin. Tlits is remarkably similar to conditions observed by the 
writer in central France between -Aurillae and Decazcville, w'here 
such disintegration is shown at many places. In the Deeaaeville 
basin, this preceded the deposition of the Coal Measures and the 
accumulations were mistaken for deltas by several obseiv'ers. 

Some have supposed tliat the great variations in thickness of 
the Richmond searms were caused by pressure during disturbance; 
hut there appears to be no reason for resort to this explanation. 
Such swelling and contraction of seams is certainly common enough 
in disturbed regions, but there the structure of tlie coal is changed; 
it is exceedingly tender or it is rolled into flaked like But 

in the Richmond basin the laminationp according to Taylor and 
according to observations by the writer^ is undisturbed in locali- 
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tics where the ctwl is vety thick. Several observers have urged 
that the vaiytng' interval between the coal and the granite floor is 
likewise a result of disturbance. This suggestion niay, perhaps, 
prove good for some localities but to the writer it seems unnecessary 
to resort to that hypothesis; Rogers's suggestion is far better, that 
the deposits were made on an irregular surface. This accords with 
the conditions observed in North Carolina as well as in Virginia. 

Two Triassic areas are in North Carolina; the Dan River, at the 
northwest, is without coal in Virginia but has some irregular de¬ 
posits in North Carolina; the Deep River, at the southeast, begins 
near the Virginia line and extends as a narrow strip southwest- 
wardly into South Carolina.** 

Emmons's section in the Deep River area shows a triple struc¬ 
ture: Upper red sandstones and marls; Coal measures, slates, shales 
and drab sandstones; Lower red sandstone with conglomerate at 
base. The red rocks, ivantiug in the Cumberland and Richmond 
areas of Virginia, reappear here on the southeasterly border. The 
middle group, about 1,200 feet thick, has fine-grained sandstones 
which frequently are rippled; the coal seams arc few and very ir¬ 
regular but some of them have been opened. Russell states that at 
Egypt a shaft reached, at 422 feet from the surface, a coal seam 
showing (i) black shale; (2) coal, 2 feet; <3) black band, i foot. 4 
inches; (4) coal, i foot, 1 inch; (5) slate, 6 inches; {6) coal, 7 
inches. Another seam, 23 lower, has black band roof and floor 
and is one foot thick; the upper seam has black shale roof and floor. 
Both are irregular in thickness and RusseU asserts that there is no 
reason to suppose that they are continuous in any considerable area. 

The coals arc indefinite within the Dan River area. Emmons 
reports that, near Leakesville in northern part of the area, a coal 
scam shows: (i) coal, semibituminous, 2 to 3 feet; (^) micaceous 
shale, 2 feet; (3) coal, shaly, l foot. 6 inches. This is very near 
the base of the coal group. The lowest rock at the southern extrem¬ 
es £ Enuiiona, ** Ccoloaiesl Report of the MidlaniJ Counties of North 
Carolina," i8s6. pp. 23 ®, 330 . 333 . 23 ®, I- C. Eussell, Bu!L 85, p. 41: W. 
C. Kerr, “Report of the GeoEogical Survey of North Guoflna," VoL I„ i 87 & 
p. 143; EL W. Stone, " Coal on Dan River, North Carolina," Bull 471-8, t8i^ 
pp. S, d, id. 
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ity, near Germanton, is a conglomerate oI angular fragments of 
granite and gneiss, containing roots of silidfied tree-stems penetrat¬ 
ing and branching in the deposit. The stems are very abundant just 
above the conglonricrate, so abundant as to suggest that they are 
remains of an ancient forest. Most of tbeni are prostrate and occa¬ 
sionally one finds the roots converted into lignite. The great 
abundance of stems near Gertnanton in Stokes county impressed 
Kerr, who says “ the public road being in a measure obstructed by 
the i^ultitudc of fragments and entire trunks and projecting stumps 
of a petrified Triassic forest; and similar petrifactions are abundant 
in the Deep River belt, occurring in this as in the other among the 
sandstones near horizons of the coab” 

Stone’s examinations led him to assign a thickness of about 
y.8oo feet to tbe deposits within the Dan River area, where the 
mass rests on Archean gneiss. The zone of carbonaceous shale with 
coal is 250 feet thick and just below it, at about 1,000 feet from 
the base. Is conglomerate with subangular fragments, which is absent 
from the northern portion of the area. The roots and bark of the 
silidfied stems within this mass in some cases have been converted 
into lignite. Shafts have been sunk in many places but usually only 
black shale has been found. At one place, 37 inches of such shale 
w'ith much coal was found. The Lcakesville deposit is insignificant 
and its area is but a few square rods, 

Triassic rocks arc exposed iti very many localities west from 
the 105 th meridian to the coast but they appear to be without coal 
in both the United States and in the Dominion of Canada. 

Jl/cxfoo.—But coal is present in Triassic deposits of the Santa 
Clara field on the eastern border of Sonora, Mexico. Dumble** 
has given brief notes respecting the locality. The Rhsetic age of 
the deposits was recognized by Newberry and Fontaine after study 
of the plant remains. The region has been disturbed greatly by ig¬ 
neous rocks, which have metamorphosed the coals. Tlic heavier 
sandstones are uniform and arc moderately coarse conglomerate 
grits, which have a few fragments of silidfied wood and occasional 
imprints of stems. The shales and finer sandstones are excessively 

*»E. T. DwniWe, "Triassic Coal and Coke of Sonora, Mexico," 

Ceel Soc, Amer., VoL X„ 1900^ pp. 
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variable, sandy sliales change abruptly bito coarse iiias$ive sand¬ 
stone or into clay shale. The shales generally are rich in welL 
preserved remains oi plants, which, according to Fontaine, are 
allied to those of Viiginla and North Carolina. The more massive 
slates hold silicificd steins and branches of shrubs, while the liner¬ 
grained sandstones have tree-trunks up to one foot diameter. No 
false bedding was observed in the sandstones. 

Coal seams are nqmerous, each prominent slate bed having one 
or more; but in all cases these are irregular. Near San MarciaU 
southeast from the area of detailed examination, much work had 
been done on supposed anthracite, w bich proved to be only black 
slate; but at localities north and nortlnvest-from the inining center 
tw^o seams arc known, 8 and lo feet thick. Much of the tliicker 
beds IS composed of coal with concentric structure, “shelling out 
into eggs of greater or less hardness/" 

The coal has been affected by the igneous rocks and usually 
it is a hard antliracite, though occasionally it is coke. In two im¬ 
portant openings on the coke, igneous rock is the roof; in another, 
it is the floor; but other pits show no igneous rock any where near 
the coke. In one seam of anthracite, there are pockets of coke near 
the middle, while in a seam of coke pockets of anthracite were 
found at the bottom. In several beds divided by partings, coke 
prevails in some benches, anthracite in others. The proximate 
composition of the anthracite is: Water, 4 to 8; volatile, less than 
5; fixed carbon, 76 to 85; ash, 4 to 8 per cent. 

Some Chemical Features of the Coals. 

Coals of various grades are present in the Jura and Tdas. 
Lignite and bituminous coal are present in the Lower Oolite of 
Great Britain within practically undisturbed rocks and at nearly 
the same horizon; whDe high-grade bituminous coal pre^^ils in the 
Lias of Austria and HttngaT}% ivhere the rocks have suffered severe 
disturbance. The Lower Lias of Siberia yields high-gtade bitiuni- 
nous in the Tcherenikhovo and Grande-Bira fields but typical brown 
coal in the great Tchoulym region, where the strata are little dis¬ 
turbed and the rocks are only slightly consolidated. The Jura- 
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Triassk coals of Queensland are liigh-grade biluminoiis as arc those 
from the Upper Trias of Austria and Virginia. 

Cannel lias been reported from tlie Jura of Alaska, but Collier 
saw none, Cannel, however, is certainly present in the Stcierdorf- 
Anina field of the Hungarian Lias. Hantken has given the proxi* 
mate analysis of two samples from the Hauptflotz, which show 
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llie cannel is esidcntly in lenses, as at other localities this seam 
has only bituminous coal. In the same &cld, the Middle { ?) Lias 
has a great mass of black shale, portions of which yield from 3 to 7 
per cent, of crude oil, from which paraffin and illuminating oil arc 
obtained. In Siberia the Lower Lias coal of the .Angora River field 
is mostly of boghead type, while in the Ipswich or upper Jura- 
Trias of Queensland cannel or " oil coal" is present in a large area. 
Jack has given three analyses of the material: 
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The seams at Gifton are separated by a considerable interval, which 
holds a scam of caking bituminous coal. Cannel prevails in the 
Walloon district where some of it is rich, that at Jimbour yielding 
about 37 gallons per ton. 

The coals vary greatly in tendency to cake. CoUier reports that 
none of the Alaska coals tested for him gives a coke. His samples, 
however, were collected mostly from outcrops, where leaching had 
been energetic during a long period. “Crop coal,” even in the 
Connellsville region of southwest Pennsylvania, yields only a 
wretched coke. In Austria and Hungary many seams have caking 
coal but that from others is non-caking. In Siberia, the coals of the 
Tdicrcmkhovo and Grande-Bira fields are caking but that of the 
great Tchoulym field gives only pnlvenilent coke. The Jura-Trias 
coals of Queensland are caking in some instances, non-caking in 
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others. The Upper Trias coals of Austria are usually caking and 
those of the Richmond area are always so. Apparently no relation 
exists between proximate composition and tendency to cake. 

No reference to the presence of resins in coals of the Jura or 
Trias is made in any of the w orks to which the writer has had 
access. One obscr%'ation by AVithani, cited by Miller, bears upon the 
subject. In studying silicihed stems of Rtnui eiggensis from the 
Lower Oolite of Scotland, he discovered that the wood abounds in 
turpentine vessels or lacunK, w'etl defined and varying in size. 

Mineral charcoal (Fusain, Faserkohle) is a characteristic fea^ 
ture throughout. At times, it forms thin partings in seams, but at 
others it is an important constituent of thicker partings, where its 
abundance suggests that the partings are merely residues from a 
considerable mass of peat. Occasionally it is in lumps, embedded 
in the coal or in a day parting. 

Spbserosiderite or clay ironstone is reported by all except a very 
few observers. It is present in the coal, in the underclays, and is 
scattered in the other rocks, while occasionally it is in layers of 
varying thickness. At times, it replaces the stems of trees or frag¬ 
ments of wood. Black baud layers, associated with seams of c^l, 
have been reported from the Ipswich formation of Queensland and 
from the Rhjetic of North Carolina. 

The Jurassic coals of Great Britain are Ignite or very low grade 
bituminous. No analysis of the coals in France is available. The 
analyses of the Austrian coals, as ofikially given, arc incomplete 
and afford no information for comparisons; but tbc coals arc clearly 
high grade bituminous, for that of many seams is caking. Hantken 
has published many analyses of the Jurassic coals in the Steierdorf- 
.Anina and Fiinfkirchen areas, and Nendtwich made a number at 
a much earlier date. The Steierdorf-.Anina samples have as proxi¬ 
mate composition: 

Tlie low percentage of ash makes evident that the analyses are 
of specimens supposed to represent the average best coal from the 
mines. This, however, is unimportant here. The upper Liegendflotz 
is separated from the higher bed by about 300 feet of rock. No 
marked tendency to decrease of volatile downwrard is recognizable 
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in this series. The samples from the lower seams^ containing the 
high volatile, must be considered as consisting in part of cannel* 

The analyses of the coals from the Fiinfhirchen area, published 
by Hantken, are ultimate; reduced to pure coal, as were those from 
the SEcierdorf area, rhey are i 
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The order is ascending. The sulphur is from I.07 to 6.88 per cent.; 
but in the great mass of seams XI. and Xll. it does not exceed 2,50, 
In IV. at Vasas there is but 1.23 but at the Colonie mine it is 6.88. 
The thickness of the seam and the proportion of sulphur are not in 
relation; some thin beds have little, others much. The coal of XII. 
yields a great quantity of illmtiinating gas, that from three other 
seams about two thirds ^ much, while that from others is much 
less. The two analyses for XIV. and for XVI. are from difFercnt 
localiEteSp but only a short distance apart. The local conditions 



































STEVEN SON-^IKTERRELATIOKS OF FOSSIL FUELS. 39 


differ little but the oxygen-content at Saabolcs is very much ^eater 
than at Colonie* TIte profKution of oxygen has apparently no rela¬ 
tion to the depth below the surface^ 

The analyses by Nendtwich*" show as a rule less ash in the 
Steierdorf coals than in those of FQnfkirchen but the oxygen is 
somewhat less. 

The Lower Jurassic coals of Siberia, according to analyses given 
by the Comitc geo 1 ogiqiie+ show extreme ccrntrasls. 1 - and IL are 
from the Tchotilym field and III. is from the Grande-Bira area. 
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The brown coal obtained in other districts is much inferior, as ash 
is very high. 

The Jura-Trias coals of Queensland are bituminous throughout. 
Jack reports only proximate analyses but these suffice to show the 
great difference in conditions: 
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The Ipswich coals throughout are very high in ash, the specimen 
VI. being picked from a thin hand; all the coals except VL and 

C M. Ncndivntli, "UDgams Stcrnkohlen^ Haidin^it's 
Band I V.j, pp- ifi, 21^ 30. 
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VII. are coking^; the high volatile in these so greatly beyond 
that oI other coals within the same little ariia» 5ugge5ts that perhaps 
they contain some canncL The Bumim specimens are all from a 
very small area, where mining has been carried on extensively and 
they are from only hvo seams, II. and MI are from the bottom 
and top of the Lapham or most important seam. The ash i$ bw 
throughout, showing that, in this area at least, ihe conditions were 
favorable to the accumulation of dean coal. All of the seams yield 
good caking co^^l, though they differ in the hardness; that from 
several seams is hard shipping coal whereas that from others, espe¬ 
cially that from one, is tender and therefore inferior as a steam coal. 
There is nothing m the structure to explain this difference as the 
seams are separated by a small interval. The Lapham coal yields 
10,200 cubic feet of gas per ton, wUh 14.73 ^^=indle power; this is 
the result of a trial lasting for 20 months^ 

The Triassic coal of Norroy, France, was analy;jed by Regnault^ 
who obtained per cent, of ash. The ultimate composition of 
the pure coal is: Carbon. 77.23, hydrogen^ 5.39, oxygen and nitrogen. 
17.37. Servier asserts that the specimen was not fairly representa¬ 
tive and gives the results of a proximate analysis by himself ; Mois¬ 
ture, 10.00, ash, 9.20, volatile. 434, fixed carbon, 57.5. This he 
regards as a fair average composition. He thinks it is a transition 
from brown to stone coal hut the distillate is alkaline, not acid. 

The Upper Triassic coals of the Richmond basin are all ol high- 
grade bituminous qualit}^ are caking and for many years they were 
used in the manufacture of illuminating gas in N'ew York, Phila¬ 
delphia and other large cities. The available analyses are those re¬ 
ported by W, B. R<^ers,^’ which represent the average of the coal 
as observed at the more important localities. Tiveuty-two analyses 
were made. Tlie ash Ss below 6 per cent, in all except 7 and ex¬ 
ceeds II per cent, in only 3. The volatile in pure coal varies from 
30 to 40 per cent., south from James River, and from 25 to 35 in 
mines north from that river. Much of the basin is broken by dikes 
which in some portions have converted the coal into coke; but 
there are anomalies not due to the influence of igneous rock. 
Analyses of samples from the bottom, middle and top of the thick 
“ W. B. EoaerSp Report of Progress for iftio “ reprintj, pp. 53^535. 
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mass in ane shaft show 40, 30 and 31.7 per cent, of volatile in 
the pure coal, with 10B2, 5.10 and 9 52 of ash. In a shaft, north 
from James River, the 4 divisions of the coal show a difference of 
about 4 per cent, in volatile, while the ash is 5.20, 22^0, 9.S0 and 
22,60 in the several divisions. 

Stone, in his report already cited^ has g^iven analyses of the 
coal at LeakedviIk in the Dan River area of North Carolina. The 
seam is an insigntficanl lens but is apparently the most important 
deposit in that area. It is in two benches separated by only 2 feet 
of micaceous shale but the composition is yery different. The 
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lower bench is anthracitic and the upper bench is a high-grade 
bituminous. The sulphur in both is at most htde more than a half 
of one per cent. The ash is ver>' much higher at most of the North 
Carolina localities, occasionally reaching 39 per cent in “ best coal/" 

It may be well to gather the notes respecting ash as presented 
in the several analyses. The conclusions at best can be merely tenta¬ 
tive because analyses, in almost all cases, appear to have been those 
of hand specimens supposed to represent the average of the seam 
as shipped: and there are oomparativcly few showing the com¬ 
position of coals not regarded as fit for working. It is sufSciently 
clear that conditions were not the same in all portions of 'he area 
occupied by any seam or during the time of its accumulation. 

In the Jurassic region of Austria* the coal of one seam near 
Bemreuth, though externally resembling good coal, has 42: per cent.; 
near Gresten, the same seam has only 3.9 per cent. The ash is low 
at HinterholtK but at Grossau it rises to to per cent. At Pechgraben 
the average of all analyses is 17. These in all cases are from 
coals which are mined. No attention was paid to other seams be¬ 
cause they are ^dirt)^'^ Similar conditions exist In the Triassk 
region of Austria. Near Kkinzell, the highest seam has 1:4 per 
cent: near Lilienfeld, the gCnod coal, with little more than 7 of ash, 
is in the middle seam; near Kirchberg, the coal mined has from 
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15.8 10 19.9 of ash ^ but near Rtligaden^ the saroe beds yield a coal, 
with only 7.8 per cent, of ash; at Loichgrabeu, the lower seam has 
good coalp while that from the upper seain^ thotigh 10 appearance 
equally good, has 52 per ccm. Coal is mined near Gossbiirg, which 
contains upwards of 30 per cent, of ash. Rachoy has shown dearly 
that in both Jura and Trias a seam varies greatly in this respect in 
different portions of its area. 

There are numerous coal seams in the Steierdorf-Anina area of 
Hungat^p but only S of them are workable—each of these in limited 
spaces. Tlicy arc divided into benches^ some containing good coal, 
the others worthless. Samples of good coal from the highest two 
have from 1.28 to 7,26 of ash^ while those from the third have from 
2,56 to 16.78- The fourth seam sho^vs less variation, the percentage 
being 3 h 44 to S 65^ Within the Fiinfkirchen region, 174 seams were 
crossed by the tunnel at Vasas, with a total thickness of 52 meters. 
Thirty-nine of them, 14 meters thick, are “dirty'" and worthless; 
of the 28 scams, w^hich are workable in areas* Large or smaLL, at 
least one third become at times too impure to be mined. Hantken 
giv*es 26 analyses; 5 show between 16 and 20; 7, from 12 to 15; 
4, from 10 to 12 and only 5 have less than 6 per cent, of asli. All 
of these are from mines in full operation. 

The brouTi coal of the Tchoulym field in Siberia has at most 
only 2.2S of ash in the samples analyzed but, apparently, the same 
horizons in the North Tchoulym area yield coal with more than 30 
per cenL 

The Ipswuch seams of Queensland have from 19 to 31 per cent, 
of ash, while the Bumim coals are all remarkably free from 
mineral matter, the highest percentage being only 8. 

The analyses of specimens from the two benches of a coal seam 
in the Dan River district of North Carolina show 9.65 in the upper 
bench and 20.27 the lower. The best coal in the area has only 
5 to 6 per cent, but other samples of “best coal'* contain from 
20 to 39 per cent. Samples taken by the early students in the 
Richmond basin were all from the mines then in operation. The 
lower division of the great seam is usually described as much in¬ 
ferior 10 the higher portions. In most cases, the samples appear to 
have been chosen from the better portions, for the ash rarely exceeds 
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5 per cent.; but in two mme^ the samples represent different parts 
of ihe great seaixi and the contrast in conditions is marked; at one 
mine? the ash content in the several parts is, ascending^ 10.S2, 5.10 
and in another^ the percentages are 5.20* 22,20^ 9.80 and 

22r6o. 

There is little of detailed information respecting variations of 
coal in different portions of lenses^ as analyses have been made only 
of coab supposed to be worth mining. But incidental references 
abound, which show that^ tovi^ard the borders* ash increases until 
the coal becomes worthle$s* 

Sctmmarv, 

The areas of Jura and Trias^ containing coal in economic quan¬ 
tity p are utterly iusigniheant^ when compared with those in which 
the systems are exposed; hut there are many localities in which coal 
accumulated during brief periods and amid unfavorable conditions. 
The oolite coals of Britain and a few spots on the continent of 
Europe are of inferior qualilyp merely local and almost without 
Interest, Elsew^here the useful deposits are in the lower part of 
the Lias and in the highest divisioiis of the Trias. The Jurassic 
above the Lias and the Triassic below' the Keuper may be regarded 
as barren. 

The associated rocks are as in the later periods. The Oolite 
coals of England are intercalated in sands; the Jurassic coal of 
SpiUbergen is confined to the Middle or sandstone division, as de¬ 
fined by Nathorst; the Grestoner or coal-bearing Lias of Austria 
is composed of sandstones and days; the same conditions prevail 
in the Liassic coal areas of Hungary' and Siberia i the Jura-Trtas of 
Queensland and New South Wales are almost wholly sandstone; the 
upper Trias In Austria and Hungaiy is sandstone with intercalated 
shale. But the Jura in Alaska is almost w'holly shale and the Upper 
Trias in some small areas has little sandstone. Freshwater fossils, 
in rocks associated with coal seams, have been oberved in England, 
Siberia, Spitzbergen, France and Quuensland. The structure of the 
rocks is evidence of* at most, shallow^ water and in some cases it is 
very suggestive of eoKan agency. False bedding is reported from 
England, Australia, Germaiiy and North Carolina and ripple marks 
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are coninion features at many places. Sandstones and shales fre- 
quetiLly contain logs of wood, in such relations as to leave little room 
for doubt that Ltiey are simply stranded materiaL 

There is, however, ample proof that the sea invaded many places 
where coal was accumulating. The Lower Oolite of England has 
beds with great abundance of f ragnaentary marine shdis; the Liassic 
sandstone of Austria aird Hungary includes layers with many marine 
mollusks of littoral types; Avunonites was found at one locality, 
but that does not militate against the coucltision that the water was 
shallow—if the shell be not drifted, it shows that the genus could 
exist in shallmv water; the Rhjctic of Sweden is freshwater below, 
but has marine shells in the upper portion, wiiere the coal seams 
very thin and impure. The lower beds of the Jura-Trias in 
Queensland have yielded a few specimens of offshore mollusks. The 
incidental references to beds with marine fossils do not enable one 
to determine the extent of areas covered at one time or another by 
salt or brackish water; but in the Fiinfkirehen district of Hungary 
such beds, though few in number, are present in the roof, floor or 
even partings of several coal seams, recalling the conditions ob¬ 
served in southwestern Utah, wdthiu the Benton, near base of the 
Upper Cretaceous, where a coal seam between beds of marine lime¬ 
stone has freshwater mollusks in a parting. In any events these 
deposits suggest that the areas in which they exist were lowland, 
dose to ihe ocean level. The shallowness of the water cover during 
their deposition is so evident that one may well conceive that the 
invasions were due to diversions of drainage^ to shifting of channels 
of large streams. How readily such shifting of channel ways may 
change conditions in a plain country is shown by Featherston- 
haugh’s*® statement that, in one area, the Arkansas River broke 
through its banks and converted 30,000 acres into swamp bnd, kill¬ 
ing all the trees r Still more remarkable illustrations exist on the 
broad plains bordering the Paraguay and other rivers in South 
America. Many times in sections of cOa!-bearing rocks, marine 
deposits arc in contact with those of land origin or are separated 
from them by an inch or tw'o of fine sediment, 

*“G. W. Featherstonhaugh, GEological Repurt of Exammatlo^ of the 
Elerated Country' between Missouri and Red Rivtj^,” Washington, ig;35,p, 84 
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The lenticular fomi oS coal seams is as distinct in the Jtira and 
Trias as it is in later periods. It is characteristic of Jurassic coals 
in Great Britain, France, Austria, Hungary, Siberia and Queensland, 
as well as of Triassic coals in France, Austria and the United States. 
Direct reference to this feature is not made in some of the earlier 
reports as, at the lime the studies were made, the bearing which 
the form of coal seams has upon the problem of their origin was 
not recognized. But in every area the varying thickness of coal 
seams is emphasiaed; the frequent passage of coal into carbonaceous 
shale is noted; the presence of coal seams in some vertical sections 
and their absence from others attracted the attention of all observers. 
The lenses may have considerable area hut often they are small; 
they may be thick or thin. Tliose of the Tchoulyni field of Siberia 
have small superficial extent, rarely exceeding a few square kilo¬ 
meters and they arc rarely connected, but their thickness is so great 
that the Russian geolt^sts speak of the total quantity of coal in this 
district as " colossal." 

References to contemporaiy' erosion are rare in the reports, 
Wilkinson has recorded instances of filled channel ways in the 
Triassic of New South Wales and Hertle has described an in¬ 
teresting “ horseback " in a Triassic seam near Rchgarten in Austria. 
The irregularities in the roof of coal seams In the Richmond field, 
as described by several obser^'crs, have much resemblance to " horse¬ 
backs," but the mines in which tliey were seen were abandoned half 
a century ago, so that one cannot determine whether or not these 
irregularities are due to trenching of the coal seams. 

Soils of vegetation have been reported from England and the 
United States, but, if they be present elsewhere as one should think 
probable, observers have failed to make note of them. In such 
soils one finds vertical stems of planU, rooted apparently in place 
of growth but not associated with seams of coal- The Purbeck 
"dirt beds” of southern England have stumps of conifers and 
cycads rooted in carbonaceous clay, klantell states that the conifer 
stems have lost their bark and have a w'eatherbeaten surface like 
that of posts set between tides. They resemble the stumps exposed 
above the Yahtse gravels, as described by Russell. Stems of the 
Purbcck conifers were snapped off at J or 4 feet from the ground 
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and they lie prostrate in inteo-ab between the rooted stdinps, 
Heoslow saw, at the Portland locality^ root-shaped cavities descend¬ 
ing into the rock underlying the dirt bed, Equisetiform plants in 
vertical position and rewsted in place of growth occur at several 
horizons iu the Lower Oolite and the Lias in Yorkshire. Cniamite^ 
and Equisetum^ in erect position^ are found in beds above and below 
seams of coal at numerous localities within the iRichmond field. 
These ancient soils^ with erect steins in place, would seem to indi¬ 
cate bud surfaces at various times during deposition of the coal- 
bearing deposits. 

As in the newer formationsp the roof may be sandstone, shale 
or limestone; it may contain marine or freshwater forms. At 
Brora tn Scotland, it is a mass of marine shells with quarts sand 
and carbonaceous materials, bound together by a calcareous cement; 
it passes downward into coarse coal—^a faux-tgit. Marine shells are 
present in the roof of at least one seam in the Funfkircheu district 
and bituminous limestone rests on the coal at some localities near St. 
Anton in Austria. The ordinary roof is sandstone or shale, one 
or the other predominating in different areas; uot infrequently it is 
sandstone in one mine but shale in another nearby. Finely lami¬ 
nated sandstone is not rare. Roof shales are often very rich in 
plant remains, leaves being especially well-preserved, as though they 
had been lifted gently from the surface of the bog by muddy w^ater. 
The sandstone roof of the Lettenkohlc in Uotetfranken is an old 
soil, containing erect roots. 

Frequendyi the passage from good coal to roof is gradual and 
this is equally true of the passage from coal to the floor, there being 
distinct fau.x-toit and faux-mur; but, at times, the passage is 
abrupt. Occasionally* the character of the coal changes in such 
manner as to suggest that one portion of the seam sank below drain¬ 
age wrhile the other remained above it; the ‘^Kimmeridgc coal'^ in 
the typical area is merely a rich carbonaceous shale, whereas in Wilt¬ 
shire it resembles peat. In the Tchoulym field of Russia, the burial 
must have been abrupt, for the upper portion of the coal is very 
peat-like at some localities. Coal scams, more than 2 feet thick* are 
rarely single, but are divided into benches by partings of sandstone 
Of clay, often containing much mineral charcoal. These vary much 
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in thickness. The interval between seams XI. and XIL in the 
Fiinfkirehen area is from zero to 72 feet; Similar, though less 
marked variations are recorded from other localities, Ordinarilyi 
the partings appear to be of freshwater origin, but occasionally one 
contains marine forms of immediately offshore types. The char¬ 
acter of the coal differs greatly* many times, in the several benches; 
some yield excellent coal, but that from others is worthless; that 
from one bench may be caking^ that from another may be non- 
caking; that from one bench may be richly bituminous while that 
from another may be almost anthraciticr Goal of Jurassic and 
Triassic age is usually so far advanced in chemical change that iden- 
tifiable plant structure seldom appears in the coal itself until after 
treatment with Schnitzels solution. But Grand'Eury states that, at 
Nicen EqiuseliUs is present in the coal, recq^nized by its form, 
thotigh all trace of structure had disappeared. The Keuper coals 
of the Vosges contain bark and seeds^ while Rhstic coal from 
Bayreuth has many streaks which appear to consist wholly of 
pollen exines. In the RIuKtic of the Richmond field Equis^ium i$ 
abundant in coarse coal. But treatment with Schultze*s solution 
brings out evidence of vegetable tissue from all the coals examined. 
The floor is as variable as the root, being clay, sliale or sand¬ 
stone. Limestone is reported from only two localities described 
in ivork$ Consulted by the writer. Within several coimti«^ of Eug- 
Land the floor of the Lower Oolite coal or coaly shale is usually 
clay or fine-grained more or less clayey sandstone and it contains 
many roots, w'hicb, in at least one locality* dearly descend from the 
Overlying coaly shale. A calcareous floor in the Gausses of France 
holds roots, which are well defined. Lipoid and his associates give 
no details respecting the floors of Austrian coal seams but the 
presence of plant remains is recorded incidentally for many locali^ 
ties. The presence of roots in floors is a familiar phenomenon in 
the Lias of Hungary; in the SteierdorLAnina district, they are 
described as vertical, often branching, and they are associated with 
plants of several types. -According to Grand^Eury, roots, both 
W'oody and herbaceous* arc abundant in nndcrclays and partings. 
The condition is similar m the Ffmfkirchen area, where* according 
to Golhan, the tuiderclay proved to be a*roDt-bcd in every locality 
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at which the floor could be studied. V^rtebmria has been recog¬ 
nized in underclAys of Queensland; Equisetiies roots are in under- 
days of the Vosges as also at Nice, where the plants seem to have 
supplied material for the coal. The tmderclays of Lettcnkohle in 
Unterfranken are root-beds. The coab of the Richmond field, ac¬ 
cording to Rogers, have nothing answering to the SfipiMarfa-days 
of the Carboniferous; but the underdays are present- They carry 
no Sti^nsaria, for the gigantic Lepidi^dendr^n and Si^illaria had 
disappeared; but Fontaine has shown that is present 

in the floor of the main bed. 

'Fhe flora has been studied in aU of the important areas. In 
the Upper Oolite of southern England, ferns, conifers and cycads 
are the prevailing types; the Lower Oolite of Yorkshire contains 
ferns as the preeminent feature though conifers and eycads are ^ 
abundant; Equis^tum is common above the coal horizon^ at which 
ferns and conifers prevail. Conifers, cycads and some ferns from 
Spitsbergen have been described by Nathorst. The Ipswich or 
Upper division of the Queensland Jura-Trias has 11 species of ferns, 

4 of cycads and one of Equiselum; ferns prevail in the lower por¬ 
tion of tlie Lias within the Steierdorf-Anina area and cycads in the 
upper; but in the Funfkiixhcn area, the flora consists chiefly of 
ferns, cycads and lycopods. Equi^etu^n is extremely abundant in 
the Trias of Austria and Caiamiies and PterophyUmn were obtained 
at many places; the Trias of Himgary has yielded cycads* Paiis^yu 
and some ferns, but collections have been small, as the coal is unim¬ 
portant. The beds in the Atlantic coast areas of the United Slates 
contain cycads* reeds and fems^—^the last being few in species but 
extremely abundant in individuals. 

Tliat the coal-bearing deposits were laid down on an undulating 
surface is wdl shown in the Liassic areas of Hungary. Within the 
Torzburg area, the underlying rock is crystalline schist; in the 
Steierdorf area it is Dyas but in that of Fijiifkirchen it is Trias^ 

A similar condition is distinct In the Trias of Virginia and North 
Carolina. In the Richmond field, the interval between the lowest 
coal Seam and the granite varies from a few inches to 6oo feet, 
while in the Dan River basin of North Carolina it is more than 
i,ooo feet. 


THE ARCHAEOLOGICAL SIGNIFICANCE OF AN 
ANCIENT DUNE. 


By CH.^RLES C ABBOTT, >f.D. 

{Rfffd Dftembfr 7 ^ ) 

WTien solid rock is before us, its history is readily traced, its 
place in geological sequence determined and its characteristics, 
lithological and mineralogical, determined beyond dispute, hut, when 
this and associated rocks are reduced to a coarse powder or sand and 
carried by water or borne by wind hither and yon* it is with diffi' 
cnlty that the earlier chapters of the record of its career can be 
deciphered. As words aeeuminlate as books due to the winds of 
doctrine* so* ridges, hillocks and undulating plains are formed when 
the wind gains access to the sand and rearranges the same an mass^ 
as the stable fixtures of the region determine. These are transient, 
necessarily, every' shifting of the vvind changing the scenery, but 
traces of some of these phenomerLa have, by lucky chance^ survived 
every' vicissitude and it is possible to discover what remains of a 
one-tfme dune that was shaped by the winds blowing over a desert- 
like pbin, and at a time when the ocean water filled the adjacent 
river valley and the tribuiaiy' brooks were filled with brackish water 
due to the inflowing tide, and this at a point now fifty miles inland. 

In other w'ords, here In the valley of ihe Dela^vare River, at the 
head of tide water, but where the salt or brackish water now' never 
reaches, is what remains of a dune that formed on the bank of a 
small creek, now diminished to a brook that itself is reduced almost 
to the vanishing point during the drought of mid-summer, but has 
been know'n to resume its former Importance as the result of a 
cloudburst or of a protracted but less impetuous ralnfalL 

So changed now are all the conditions of a few rhousauds of 
years ago, that it seems hopeless to reconstruct the surrounding 
country at the time the dune was formed. This is a task, however^ 
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that should never be beyond the capabilities of an archaeologist. 
Such reconstruction is not a side-stepping from facts to fancy, but 
a confirmatory demonstration relating to the discovery of artifacts. 

The plat under consideration is the low-lying termination of a 
long, rectangular field, mostly at a considerable elevation above the 
brook that drains a tortuous valley of about five hundred acres. 
The “ dunearea is not distinguishable, at present, from the field 
of which it forms a part, but until recently was noticeable because 
of a slight conical elevation, which was the more prominent when 
not covered with vegetation. The surface soil U a shade lighter 
than that of the field of which it is a continuation and of finer grain, 
as indicated by clouds of dust that rise from it when a breeze passes, 
but which is not forceful enough to equally afiFcct the surrounding 
surfaces. 

This plat, tlie '' dune," if such it be, was deforested about 1770 
and since iSoo has been more or less continuously under cultiva¬ 
tion- The region hereabout, a plain of thousands of acres, has 
undergone marked changes since the influx of European settlers, 
less than three centuries ago. Before that time, it was distinctly 
one of hills and hollows that have now disappeared. Lands deeded 
as “swamp” and “nieadows” have now lost every vestige of such 
conditions as these names imply, and only a slightly undulating 
surface marks what was once highly diversified. This change iS 
due, unquestionably, to deforesting and subsequent cukivatton, for 
a sandy soil, unprotected by vegetation, is necessarily the sport of 
the elements. Wind and rain attack it viciously at times or play¬ 
fully, if we may so call it, but the surface is affected by the lightest 
breeze and the gentlest rain. I have known a strong March wind in 
seventy-two hours to build up a ridge of sand, a hundred yards long, 
twelve yards wide and seven feet high; leaving a depression in an 
adjoining field, from whence the sand vras carried deeper by the 
subtraction o-f this "dune," of about sixty thousand cubic feet. 
Again, on August 24, 1877, there was a "cloudburst" here that 
materially altered the surface in pbces, although practically all the 
area tvas protected by growing crops or weeds, yet tons of sand and 
gravel were washed from upland fields and carried to the meadows, 
and a gully through which the present brook flows—the natural out- 
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let fot ondinaTy dtafnage—was deeponed ximil the clay tinderlying 
the coarse glacial gravel was e^cposed. The ordinary rains of a 
season falling on ploiiglied ground may not Imve a marked effect, 
bill the rains of centuries tell anotljcr story, 

A section of this dune, cut to a depth of about six feet^ show's 
the present surface soil of about eight inches iuid of a brownish 
color inclining to yellowv and beneathp a thick deposit of yellow sand, 
or brownish-yellowp which is very compact, of uniform size of 
grains and without any trace of stratification. This, more than 
aught else, suggests that it is a wind-blown deposit from some 
near-by point and subsequently compacted by pressure of an over- 
lying stratum and the sloiv infiltration of moisture. 

This deposit, during severe winters, i% frozen, nearly if not quite, 
its whole depthp but this and the subsequent disappearance of frost 
does not affect its structure, e.xcept to gradually render it more 
compact. 

This yellow sand is but a continuariop of the present surface 
soil, the difference in color being due to stain from the yearly coal¬ 
ing of broadcasted hamyard manure and the d(^composition of 
vegetation. 

The depo$it merges into a greenish sand, of somewhat coarser 
grain and looser texture, which in turn rests upon coarse gravel and 
this on the cky—possibly pre-g!aciaL 

This uniform structure of the deposits is not confiiied to the 
entire area or the conical hiU to w^hidi refert-mcc has been niade. 
Near the center of it ;ve meet w'itli irregular bands of red clay of 
varying thickness and of more varying length. This day is in no 
sense a continuous deposit of this material as when the Raritan or 
Pensauken clays w'cre laid downt nor are they' derived directly from 
them. I should say they are due to gradual infiltration when the 
texture w as looser than at present and so a deposit of argillaceous 
character from overlying sand and the actual surface carried to 
w'here the more compact sand checked the w’ater^^arnmet rams and 
melling snows—and the particles held in suspension were arrested- 
This once started, the whaler would be held here^ later, until all for¬ 
eign matter was deposited. Even now\ there is very little sand to be 
found here, that is even approximately clean, and the sand of this 
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dune clouds the water when thrown into it. This method of hand* 
formation is beautifully shown, where extensive exposures, i. f., of 
hundreds of square feet, have been made. Deep-lying bands can 
here be directly connected with the surface, the lines or channels of 
infiltration or inflowing still to be seen. 

Sand is never found where it originated as sand. It is, from the 
day of its origin, a wanderer until conditions finally imprison it, as 
with this dune, which was derived from the surrounding area, 
whether wind or water left it where it is. This, of course, necessi¬ 
tates an open country, for the wind cannot reach the sand when 
protected by vegetation. It was an open country and a coastal plain 
in a very literal sense, and it was such at so remote a date, not geo¬ 
logically, but as we measure history, that the water of the brook 
nearby was salt or brackish, as evidenced by the presence of a 
marine conchological fauna—Mya, Ostrea, Cardiuitt, and undc- 
^^fpiin^ble fragments. Also four valves, broken, of an 

Of yjifp-; all of which brings us face to face tvith an antiquity 

worthy of consideration, as there is also an archasological interest 
in this dune, in that it contains traces of man's handicraft. 

Or, are these traces of man, intrtisive objects? The plat under 
consideration was part of an extensive forest less than two centuries 
agothe tTee*grow'th being largely oak, is'ith some chestnut, maple, 
birch, sour gum, hickory and sassafras. The undergrowth was 
lately greenbriar rotmidi/ofto), vrith some ampelopsis and 

grape. The ordinary semi-aquatic growths of to-day fringed the 
brook and in such effective fashion that the water was hidden 
except in winter. 

The annual deposit due to decay of such vegetation is greater 
than the erosion and has therefore gradually raised the surface of 
the brook’s surroundings; not measurably perhaps, but certainly 
to some extent during many centuries. That at one time there was 
an open brook with characteristic fauna is certain, as even 
now, when the stream is at freshet stage, the mud niinnow 
(U^tha and crayfish (CojHfidraj diofffftits) come from 

the teaches of the brook nearer the river, Avhere the conditions for 
aquatic life are favorable throughout the year. It is, however, the 
one-time tree^rowth to which attention should be called, and not 



AK ANCIENT DUNE 


53 

without particularly to the oaks. These are of slow growth^ 

yet reach lo the largest dimensions- It is within a short distance 
from this dune that, unttl 1869, there stood a white oak 
alba) wdridi was twxnty-scven feet in circumferencep tliree feet from 
the ground. Jt was, unquestionably* at least one thousand years old^* 
but we have no w^arrant for assmning that thU andent tree was the 
ancestor pf all the Avhite oaks. On the contrary, this forest^ when at 
last felled by the settlers, who sacrificed all beauty to their god* 
utility, was the remote descendant of a primeval forest groivth 
which began to flourish who shall say when ? 

If this locally known “Pearson Oak'^ ivas the remote descend¬ 
ant, as is logically certain, of Quercus I. of the reign of Oaks, or the 
last of a long line of forest monarchSp then w'C must ascribe to the 
forest floor or that soil W'hich in slow course of time accumulated 
during the period that the “dune" and its surroundings were for¬ 
ested, an antiquity ivhich removes it from the remotely historic to a 
strictly pre-historic tinie. 

I know^ of no means of determining when the forest age waa 
ushered in, except that w-c ^nctv it from the point of physical geog- 
raphy. if not really a geological standpoint. The forest growth 
would not start until the condition of soil was favorable* and* in 
this instance, a change from a coast-Hne condition to an inland one 
and strictly fresh^water upland* quite uninfluenced by the ocean 
tides. How long then was ihU change in taking place f /Uso, when* 
while an herbaceous flora was in its prime, did tree-growth begin? 
Was it not until the lesser* annual growths had flourished long 
enough to spread a thin soil due to decomposed vegetation over the 
old “dune"? Gmsses, more pretentious flowering plants, perma¬ 
nent shrubbery* might well have had a long day of their oivn, before 
the overshadciwdng tree-growth began to encroach on their domain, 
and there is not a particle of evidence forthcoming that the reign of 
oaks was not a period of several thousand years. 

The result of the forest growth is the formation of '" black soil/" 
as it w^as called by Peter Kalra,^ and how long it took a foot or more 
of it to accumulate is problematicaL It was never a period of wholly 

1 See Annual Neport, SmithsoniEin InsthutioTi, 1S76, p. 260. 

Travels into North Amcn'ea,** London, 1770 , VoL II., p. tp. 
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undisturbed accumulation. Through e^ery woodland tract there 
trickles a little brook* and often a stream of considerable ividth and 
depth broke the monotony of a forest floor. These would neces¬ 
sarily prevent a uniform accumulation of each season’s fobage, a 
large proportion being carried away, for I have often seen currents 
of air lift and bear away the dead leaves in a forest and deposit them 
far from the trees from w'hicb they fell. Matted dead leaves are 
bulky, but when such leaves liave lost their identity and become 
dust, the result is an addition to the accumulating soil not thicker 
than a sheet of tissue iKiper. Adding to this the decay of fallen 
tree trunks, we must still admit that the growth of a forest’s black 
soil is a matter of centuries; that it is one of Nature’s slow processes. 
It was on this floor that the Lenni Lenape dwelt, and for bow many 
generations I think no one will presume to deal in figures. He came 
and little do we know of his career, save that it was not one of such 
bestial savagery as has been asserted. The variety of artifacts 

fashioned by him is evidence of this. 

W'hen, in 1678-80, the English settlers began in grim earnest 
to convert the wilderness into a garden, or destroy beauty in the 
interests of utility, the forest floor began rapidly to disappear. 
\\Tictc the surface Is undulating, and 1 have seen but slight acreage 
that might be called " a dead level," the forest floor, when exposed 
to the weather, is washed or blown off and not worked or washed 
into the underlying sand. The result of rain, if not violent, is to 
compact sand and steadily lessen its penetrability. This leads us to 
a consideration of the suggestion, so frequently made, of the in¬ 
trusion of objects from the surface: that a grooved axe or polished 
celt or broken pot or other distinctly " Indian ” possession had by 
chance sunk from the surface where it was lost or mtentionaJly 
left and reached to a considerable depth in the yellow sands be¬ 
neath and since its passage, all trace of the track of its intrusion 
become obliterated. Such disturbance always leaves behind it in¬ 
eradicable traces. The yellow sands, whether laid down by wind or 
water action, become arranged in such a way that, if disturbed, no 
rearrangement on the same lines is practicable. Tliose who have 
trenched in such deposits intelligently known instantly when a spot 
has been disturbed since the original deposition. Nature has not 
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the power to repair the damage so that it can deceive the observant 
eye and skilled hand of the experienced archseolcgist, ^Vhen a " for¬ 
eign *' object is discovered in the yellow sands, it is recognized at 
once as part and parcel of the containing bed, If, again, intrusion 
were possible, why is not pottery' found at all depths to which un¬ 
doubted artifacts occur? Why not the familiar surface finds that 
collectively we call '‘Indian relics”? I have gathered probably 
fifty thousand such objects, and have lingered so long over sand 
banks and gravel beds that I feel entire confidence m the message 
they bold out to me. and this intimate association lias a significance 
that is not within the experience of the casual observer, who too 
frequently is the victim of preconceived ideas. To decipher a sand¬ 
bank requires patient labor and constant association and, above all, 
endless comiwrisons of one point of view with another. Without 
this, the digging of a single trench and the gathering of a few 
score ’‘traces" of man’s presence is what the hint is to a practical 
demonstration. Unfortunately the hint has often led to the most 
grotesque conclusions, and the fact of man’s antiquity been hidden 
by an array of assertions to the contrary', not one of which has an 
iota of warrant, I assert without fear of successful contradiction 
that "Indian” relics do not occur in the yellow sands underlying 
the forest floor. 

The character of the disappearance of the forest floor by rain- 
wash or wind at once demonstrates that such traces of a people who 
were forest-dwellers as stone artifacts and pottery would ultimately 
be left scattered over the surface of the underlying foniiation, upon 
which the forest floor had been built up. The greater part of such 
traces, as axes, celts, spear-points, steatite vessels and pottery would 
prove too heavy for the gentle action of rain or wind, and a jlorHi's 
cttiMlysnsic ocftott woifW only buiy sucfi obj'tctj rt'ifA otnudiiHt cpi- 
dciirc of /tow f/iev were burird, so ito confftsioii need arise. As it is. 
we find, on the one hand, the relics of the historic Indian with traces 
of the country’s Colonial period, and, on the other, with such traces 
of the precursor of this forest-dweller as were left upon the surface 
of the ground when the forest floor began to accumulate, or earlier. 
No one hesitates to separate the pennies of the English kings from 
Indian arrow-points, although found together; but upon what basts. 
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wc are asked, is a distinction to be drawn between a chalcedony 
knife or elaborate gorget and a mdc basalt or argtiUte point with 
which it is now associated? It has been denied that any such dis¬ 
tinction could be drawn and it is curious atid significant to know 
that the vehemence of this insistence is in direct proportion to igno¬ 
rance of the locality. The conditions that here obtain are favorable 
to preservation of traces of the sequence of events; very generally 
they arc absent. 

♦ To eliminate doubt, when a trench is opened, or where any 
digging is done, other diaii systematic trenching, the present sur¬ 
face—in no sense an " Indian " surfacc^for a reasonable depth is 
not admitted to he demonstrative as to the age or origin of the arti¬ 
facts found therein. This zone of doubt 1 have considered to be the 
topmost six inches, after removal of the twelve inches of surface 
that has been eontinually disturbed by cultivation. Assumir^ the 
forest Hoot to have been twelve inches thick—I have found it con¬ 
siderably more in some localities-^hen an artifact found some ten 
inches below the aonc of doubt would have been forty' inches below 
the surface if the forest floor still existed. Wien, then, we con¬ 
sider that this dune, treated by others, as well as by myself, at dif¬ 
ferent points, have ci!])osed pebbles, and some too large to suggest 
eolian origin as to locality, shells, marine and fresh-water, frag¬ 
ments of bone and artificially produced chips of basalt and argillite, 
and a few of chert, and completed artifacts. 

In my own experience, the position of every object, as exposed, 
suggested— demonstrated?—that it had not slipped down any 
crevice, but always with the long axis of its diameter horizontal. 
This, I believe, is the experience of those who have examined the 
deposit. Several long, narrow' points of basalt or argillite have 
been recovered and ev'ury' one was as described, as to position; the 
deposit suggesting, by reason thereof, water action and the points 
floated or rolled to their position when found. However this may 
be, the fact remains, that the dune, assumed to be post-glacial; has 
a geological antiquity' and that it contains traces of man that reach 
back to the time of its formation. 

A few words in conclusion concerning the sand deposits of the 
neighborhood. .As familiar to all, the unimpressionable rock is our 
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Standard of stability and its opposite, the so-called, ever-shifting 
sands. It is to be noted, however, that e-xtrernes are always giving 
rise to misleading impressions, Rocks are not so resistant as to 
merit the term eternal" and many a bed of sand has withstood the 
changes that time has wrought about them for unnumbered cen¬ 
turies. This has not been duly considered by those geologists who 
fed at home among the rocks where Nature presents a decipherable 
script, but omits it where only sand has been accumulated. Because 
of this extra demand for exertictfi in solving geological problems, the 
natural history of sand has been neglected or grotesquely misrep¬ 
resented. 

There is a wide distinction between quick-sand, dunes, and the 
long level reaches of a sand deposit due to aqueous and not eolian 
transporting force, that has been shut from the light of day and 
little affected by the rain that reaches it or frost that penetrates 
the earth's mat sufficiently to congeal its moisture. There is, too, a 
vast diflferencd between a sand that has been washed until nearly 
pure silica and sand with sufficient clay to produce a more or less 
marked cementation of the mass. Tlence it follows that there is a 
great difference in degree as to the penetrability of a deposit of 
sand, the day rendering it resistant in proportion to its presence. 

Having considered the dune as such and derived from the imme¬ 
diately adjoining fields, the archseological interest now shifts to a 
locality about nine hundred yards west of the dune and trenches 
opened by Messrs. Skinner and Spier. There is in this locality an 
area of some one thousand acres where sand underlies the present 
surface soil. It varies considerably, as sand, and suggests that since 
the original deposition It has had a varied experience, the same agen¬ 
cies not affecting the whole area. Thus, it has given rise to various 
opinions a.s to its age and origin, the j uclgment based upon a single 
point of examination* That this sand area w-as at one time the sandy 
bottom of a shallow arm of the sea is probably true, if not demon 
sttahly so. as I believe, and so gives a clue to the age of the artifacts 
contained therein: the sequence of event being—as suggested bj the 
late Prof. N. H. Wincliell, after an examination of the locality 
with Jlr. VoUt and myself, Aug., 1913, and this suggestion he main¬ 
tained with greater confidence after an exhaustive study of arti- 
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fads from here^ surf ate-founds from the sands and from the im- 
plcnicnt-bcartng drift gravels^ declaring that the changes wrought in 
the surfaces of these worked stones cntild only be explained by long ^ 
submergence in sea water.'* 

Illustrative of this, July 4, ;Mr. Albert iMoyer, of Kew York 
Cit>% and myself, made a section of these sands, and he had the 
good fortune to expose, by careful paring down of the exposurCp a 
series of objeds, all of which are, 1 think, of artiheial origin. The 
surface soih twelve inches in depth, was carefully removed and the 
sand underlying for several inches was considered a zone of doubt 
and nothing found therein was accepted as indicative of antiquity. 
Beneath this, the sand was of lighter colon and only moderately 
compact* but increased in density and wheic really resistant to the 
trenching tool, the artifacts were found. Among them was, a minute 
fragtttent of potter}\ This was a little disconcerting^ for I have 
never seen potsherds from these sands and Mr. Volk informs me, 
he has never, in his many years^ experience, found any traces of 
pottery, even of the rudest pattern. I can only conclude that pte- 
Wisconsin man was acquainted wuth the rudiments of the ceramic 
art. 

Probably more effective than rain in changing the conditions of 
a deposit of sand is the action of frost upon it. This, of course, 
refers to rain as absorbEd and not as a transporting agenc)'. 1 have 
known the soil and sand at this point to be frozen to a depth of four 
fectp ’ivhile the loTivemiost of the artifacts found by Mr. ^foyer was 
fort)' inches below the surface and twenty-tw^o in the compact, un¬ 
disturbed, clay-cemented sand, so it becomes evident that during 
many winters of each centur>' since the sand was in it$ present 
position and under present conditions, these objects have been frost- 
bound and then liberated by the springtide warmth. This periodic 
condition of frost appears only to affect physically but not disturb 
or dbplace the containing bed. The upheaval of the surface of a 
field is only soil deep In its disturbance of the contained pebbles and 
artifacts. They may be lifted up and let down, but the relative 
position of these objects, each to the other, is not materially changed 

s See Winchcll-Abbott Corrensfioudence—utrpublishcd — at Peabody Mu¬ 
seum, Cambridge, Mass, 


AN ANUENT DUNE. 


59 


and there is no significatit inhumation of a surface-lying specimen. 
A notable example of this non-disturbance is $ho\vn in caches of 
chert or basalt bladeSp which have lain undisturbed near the sur¬ 
face, just as placed by aboriginal nian^ until cultivation of the soil 
or other interference by man brought them to light. Agaiup were 
frost an inhuming agent, how is it that stone mortars weighing from 
ten to fifty pounds do not gradually sink with each winter's freezing 
and thawing? I have |>assed over these relic-bearing fidds when I 
sank " knee-deep ” in the rdudj but this pressure of the foot was a 
matter of tw-elve or fifteen inches actually and explained by the 
weight of my bodyp but a mortar or cv'cn a stone axe of five or six 
pounds ought graduuUy to sink deeper and deeper in sands when the 
frost has melted;, but we never find them at any such depth as the 
lower compact sand of the yellow* drift except perhaps in some 
deep pit, the definition of which is clearly shown by the dark discol¬ 
oration and unmistakable boundary line. But, there, at such sig^ 
nificant depth, w e do find rude basalt and argillite artifacts of incon¬ 
siderable weightp usually less than an ounce, yet as distinctly the 
output of man's skiU as the most elaborate production of the his¬ 
toric Lenape. 

The single explanation of the presence of the characteristic arti¬ 
facts of the yellow^ sands lies in the suggestion that they are as old as 
the containing bed and were made at the time or earlier than its 
deposition as now obtaining, be the agency of distribution either 
wind or water. That these traces of early man are intrusive objects 
IS simply impossible, and this applies e^|nally to the paleolithic im¬ 
plements of the Kansas gravel, through which the Wisconsin Ice- 
age floods have washed the present channel of the Delaware River* 


AMERICAN SANITATION IN THE PHILIPPINES AND 
ITS INFLUENCE ON THE ORIENT* 

{Reod Dec^emberjt m7-'i 
By VICTOR G. HEISER, M,D. 

Sanitation is constantly becoming more exact. America's work 
in tlie tropics has contributed greatly to that end. The public is 
beginning to rcalixe that science is rapidly reaching the point at 
which the proper expenditure of definite sums of money may be 
counted on to produce proportionate reductions In the morbidity and 
mortality rates. Every dollar wisely invested should produce an 
appreciable improvement. It does not necessarily follow that great 
sums of money are required. We are all aware of the mart-clous 
results which were obtained by our health department in Panama. 
It is not so well known that equally striking results on a far greater 
scale were obtained in the Philippines. In Panama the cost has been 
given as approximately $3.58 per capita per annum. In the Philip¬ 
pines the cost was about 20 cents, and the results were obtained 
under civil conditions without the use of military force or extra¬ 
ordinary powers. The entire cost of the sanitation was defrayed 
by the revenues of the Philippine government. When it is remem¬ 
bered that the Filipinos are among the Itnvest taxed people on eartJi, 
it will be apparent that it should be quite possible to achieve in coun¬ 
tries with greater resources even better results than were accom¬ 
plished in those far-away islands* Since my return to America it 
has been a great shock to me to find this country in many re.spects 
far behind in health accomplishment and to discover that sanitary 
procedures which have been in force and have been producing good 
results for many years in the Philippines arc now only gradually 
coming into use and are being heralded as among the most modem 
and recent advances. 

Soon after the occupation of the Philippines, a board of health 
organized under Army General Orders No. 15, under the 
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ftutlioritv of which aTtny ofiicers did good work and made an excel” 
lent beginning in reducing the ravages of certain diseases which they 
found vei 7 prevalent. This work wa^ largely concerned with pro¬ 
tecting the health of the troops and was chiefly confined to the city 
of Manila. 

Wlicn the civil regime began, in addition to deplorable sanitary 
conditions resulting from centuries of neglect, the newly created civil 
board of health found itself confronted with a severe outbreak oE 
plague in Manila and in a number of the provinces. To add to 
these difficulties, the board of healtli had scarcely ojicned Us offices 
before there began one of the severest epidemics of cholera that has 
been known in In 3i iillle more tliAn a icar \i num¬ 

bered over 300^000 victims, of whom 150,000 or more died. 

\^'hen tlie civil board of health began its work 40,000 persons 
w^ere dying annually from smallpox. Beriberi in jatls and public 
institutions was responsible for a large number of deaths. There 
was no governmental provision for the insane, and more than 3 ^™^ 
of these unfortunate individuals were without ade<liiate care. The 
sanitary condition of the prisons throughout the islands left much 
to be desired. With the exception of tlie water system which was 
available for a part of -Manila, and possibly a few other minor in¬ 
stallations, there was not a reservoir, pipe line, or artesian well for 
the seven or eight million people of the entire archipelago, ^nd even 
the water for IManila was known to be grossly polluted The buriiil 
of the dead was not properly regulated. In making new interments, 
the bones of those who had been previously buried were frequently 
cast out to bleach in the sun or tvere thrown upon a bone pile. The 
city of Alanila, with its population of over 2OOX>00, had no sewer 
system. Disease-carrying human discharges found their way into 
esteros or canals or were deposited directly on the ground* causing 
serious soil pollution. 

Sections of Manila varying in population from 5POO to 25,000 
were built up with houses so closely crotvded together that there w^as 
no room for streets and alleys. Entrance and egress* in many 
stancesp had to be made by passing under the houses. As most of 
these crovA'ded sections w'cre built over tidal flats, the difficulties of 
the situation can well be imagined. 
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Tlierc ivcrc no adequate building laws, and, as a result, too fre¬ 
quently the case in Oriental countries, small dark interiors with no 
light or air were the rule. Street cleaning was most indifferently 
carried out. Large quantities of garbage and other filth accumu¬ 
lated in the back yards and upon the streets. TubercHlosis was prob¬ 
ably responsible for at least 50,000 deaths per annum, and no gen¬ 
eral education measures were in operation with a view to teaching 
the people how to combat disease. 

There was no food law in the modem sense. Perishable provi¬ 
sions were sold under insanitary' conditions. The vilest class of 
food products was often shipped into the country. There was prac¬ 
tically no inspection of animals before slaughter, neither were there 
suitable slaughter-houses. Dysentery soon caused sad havoc among 
the American troops and among those who came In civil capacities. 
Subsequent investigation showed that the native populaiioo also suf¬ 
fered severely from this cause. 

Hospitals for the masses, with modern operating rooms and 
surgical equipment, were practically unknown. Persons died on 
cverj' band with diseases which could have been relieved by ordi¬ 
nary medical procedures. It w-as not uncommon to find victims 
horribly deformed by conditions resulting from injuries or disease 
that could have been cured without deformity' if skilled attenfion and 
facilities had been available in the beginning. There were perhaps 
a half million persons living in a wild state, for whom there was noi 
medical relief. 

In the days prior to .American control, maritime quarantine was 
often conducted upon a basis of graft. Naturally the result of such 
lax methods was the introduction from nearby foreign countries of 
dangerous communicable diseases such as plague, cholera, and small¬ 
pox. More than 5,000 lepers w'ere at large throughout the Philip¬ 
pine Islands. .A few hundred were cared for by charity, but there 
was no attempt to segregate lepers w'ith a view to avoiding the 
danger of infection or bringing the disease under control in the 
entire archipelago. Malaria, likewise, prevailed in hundreds of 
towns and there was no quinine with w'hich to combat it Imita¬ 
tion quinine pills were frequently sold at fabulous prices in tlie 
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stricken districts, and the people had no means of relief or redress 
from [his intolerable condition. 

It would be a pleasure to slate ihat all the evil conditions men¬ 
tioned above, as well as others, have been remedied, or relieved. 
This, however, is not the case. At best, in the time which has 
elapsed and svith the funds available, it has been possible only to 
make a good beginning* Much ridicule was cast upon the efforts of 
the American government to better the sanitary conditions of an 
Oriental population. It had been a fairly well-established rule in 
other countries, in dealing w'ith dependent jwoples, to petintt the 
masses to live as they would and to direct efforts at sanitation largely 
toivard the benefit of Europeans. This policy, of course, was not in 
accordance with the views of the people of the United States, happily' 
for the residents of the Philippine Islands, who arc now* enjoying 
most of the benefits available to the residents of Europe or America. 
The American sanitarian had much to learn, and in the beginning 
his efforts were further hampered by the passive opposition of the 
bulk of the population* 

The first campaign against cholera was not as successful as could 
have been wished, but it paved the way to attacking future outbreaks 
with greater result. It soon became apparent that nothing was to 
be gained by the use of force. Methods of cooperation and of win¬ 
ning the confidence of the people were rapidly substituted for more 
drastic measures in controlling the disease. Early efforts to combat 
plagne, also, did not meet with complete success, although better 
results w’erc obtained tlian with cholera. In dealing w'lth plague, not 
only Filipinos but Chinese and other races had to be considered. 
Efforts to bring the foreigners to the ways of the twentieth-century 
hy'gicne often would have been ridiculous had the outcome not been 
so tragic. 

In brief, it may be stated that the American policy has been to 
bring about a sanitary regeneration of the Philippine Islands, not 
in spite of the Filipinos, but w ith their cooperation and assistance. 

One of the first steps was to organize some 300 boards of health 
throughout the islands, with Filipinos in charge. In many cases the 
officials who composed these boards were brought to Manila and 
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givxn a course of instruction in modern sanitsition and hy^ene. 
This resulted in efficient cooperation. It Is but natural tliat a people 
should resist health measures which they believe arc enforced by the 
governing power for the purpose of making them miserable, un- 
happy, and uncomfortable. When it became apparent that cholera 
seldom occurred among Americans who drank only boiled water and 
ate only cooked food served hot, these practices soon had imitators 
among the better-class Filipinos and from them gradually spread to 
the masses. 

Vaccination had hccn practiced in the Philippines for several 
centuries, but was never done in a systematic manner so as to reach 
all the population. The result was that a favorable soil for small¬ 
pox remained, and unvaccinated individuals were constantly at¬ 
tached. Over 10,000,000 vaccinations were made in the Philippines, 
without the loss of a life or limb. As province after province fell 
into line, the disease disappeared in the wake of the vaccinators, so 
that the number of deaths w'as reduced from 40,000 per annum to a 
feiv hundreds. 

The Island of Culion was set aside for a leper colony. The con¬ 
struction of a modem town ivas begun. Wheii it had proceeded 
sufficiently far, the collection of lepers was started. More than 
4,000 now find their home on the island, thus giving America the 
distinction of having the world’s largest leper colony, A laboratory 
for the study of leprosy has been established, in which every effort is 
made to find and use remedies believed to be eflieacious in the treat¬ 
ment of the disease. Considerable success has been had through 
the administration, by the hypodermic method, of a chaulmoogra*oil 
mixture. A number of apparent cures have taken place. Most of 
the Oriental countries are now giving this treatment a trial and 
cures have already been reported from many of them. 

In .Manila, a modern water system has been constructed at a cost 
of appro.ximately two million dollars. The water is obtained from 
an uninhabited watershed, an improvement which has resulted in a 
reduction of approximately Soo deaths annually. Water has also 
been made available in many sections of the city not previously 
supplied. .At a cost of another two million dollars, a modern sewer 
system was installed. 
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Hundreds of artesian wells have been bored in different parts 
of the islands. In many sections in which artesian-well water is 
exclusively usedp the death rate has fallen one half^ 

Beriberi, which in former days caused frightful mortality in jails 
and public institutions, has been brought under control through a 
governnienta! order which prohibits the use of polished rice in public 
institutions. This fact is gradually coming to the attention of the 
masses, and there is reason to hope that in tlie future the number 
o£ deaths from beriberi among the general population will be con¬ 
siderably reduced. 

Modem sanitary market buildings constructed of reinforced con¬ 
crete have been built all Over the archipelago. These have been a 
great factor in the cleanly and economical distribution of food and at 
the same time an important source of municipal revenue. 

It is the freejuent comment of travelers that Manila is one of the 
cleanest cities of the world. The streets are swept daily. Garbage 
is collected ever^^ night. Largely as a result of these two measures, 
Manila is almost a Hyless city. Plague ha^ been eradicated. By 
making available safe water and by active educational propagandat 
the spread of amebic dysentery' has been checked. Laws arc now 
enforced for the proper laying-out of cemeteries^ and for proper 
burials. Streets and alleys have been cut througli the congested 
districts of the city. Many thousands of residents have been re¬ 
moved from low swampy lands to higher sites. Modern, danger- 
ous^communicable-disease hospitals have been built in Manila and 
elsewhere, and the people, educated to an appreciation of such in- 
stitutions^ now willingly avail themselves of their use. The govem- 
ment has built a hospital for the insane, where at least the more 
violent cases and those urgently in need of care can receive alien- 
tion. A large general hospital, witli a capacity of 350 beds, has been 
built in Manila. It is one of the most modem in the Orient A 
nurses' training school, with over 300 young Filipino students, men 
and women, is In successful operation; its graduates are already 
rendering most important service, A medical school^ with modern 
laboratories and tile latest equipment for teaching by whole-time in- 
stmetors who are specialists in their respective branches, was organ- 
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ized in 1906. It has a five-year course and its graduates are assum¬ 
ing positions of medical responsibility. An anti-tyberculosis society 
has been formecl, and an active educational propaganda is in progress. 
A hospital has been established at Bagnio for incipient cases of 
tLtberculosiSp and sanatoria are being conducted in ^lanila and other 
places. 

Manila now has the most complete set of sanitary ordinances of 
any city in the world* and in many directioiis greater sanitary prog¬ 
ress has been made than elsewhere. No doubt many of the coun¬ 
tries in the Orient feel themselves compelled to join the movement 
for modem sanitation instituted in the Philippines. They well 
understand that the crystallized opinion of the world demands more 
and more that conditions in other Oriental countries must be made 
to compare with those of higher standard. Before the lepers of the 
Philippines were segregated, scarcely any Eastern country had segre¬ 
gated lepers. The maritime quarantine practices of the Philippines 
are being emulated. and agreements are being entered into between 
the different countries for the control of dangerous communicable 
diseases. 

Lately through the efforts of the medical men of the Philip¬ 
pines, the Far Eastern Association of Tropical ^Medicine was or¬ 
ganized. This bringing together of the medical profession of the 
various countries has resulted in the promotion of good wiU and 
the interchange of ideas, all of w^hich has been mutually beneficial. 
Instead of viewing the medical men of the Philippines with sus- 
picion, their brethren of other countries now meet with them in full 
fraternity. The Influence that this has had in promoting better 
understanding and progress can scarcely be estimated. Previous 
to America's advent in the Orient^ fraternizing among the officjals 
in the different countries was scarcely Imowm. Each remained in 
his owm little sphere and much labor and effort ’ivere w'asted in 
solving problems w^hich had already been successfully met in other 
lands. Now there is free interchange of ideas and the knowledge 
gained in one country is available In a very short time in others. 

The death rate in Manila was reduced from 46,83 in 1904 to 
23.iS in 1914. This means a saving of over ^poo lives per annum. 
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Tile total reductioit throughout the islands is more than 60,000 
lives a year. The death rate among the civil employees steadily 
declined and in 1915 was 3.33 per thousand per annum. It is 
small wonder that results such as these, achieved entirely under 
civil regime and with the limited revenues of the islands, should 
commend themselves to other countries, and it is a fact that the 
achievement of American sanitation in the tropics has produced a 
profound impression, ^\■heo the Rockefeller Foundation, throngh 
its iDternational Health Board, entered the field, it found the world 
in a receptive mood toward American methods. 

The conception that the establishment of public-health agencies 
can he stimulated through hookworm control has won rapid ac¬ 
ceptance and has already a good record of achievemenL It is 
realized that if public-health measures are to be successful they 
must be brought about upon the demand of the people rather than 
he imposed upon them. To gain this end much effort has been 
expended in bringing home to the people of tropical countries the 
practicability of curing hookworm disease. 

This disease is one of the few over which the medical profession 
exercises complete control; first, its cause is definitely known; 
second, a person afRkted with it can be cured with certainty; third, 
its prevention is completely practicable, Furthermorep when meas¬ 
ures to prevent soil pollution are carried out^ other intestinal af^ 
fections such as typhoid^ cholera, and dysentery^ largely disappear. 
Thus, the improvement made in public health more than justifies 
the money spent in hookworm control. 

Even more important is the interest awakened in the people^ 
The work in connection with the relief and control of hookw'orm 
infection comes very close to the home life^ It causes the speedy 
substitution of rosy cheeks for pale anemic fatesi a result that can 
be understood by the most ignorant of the community. Moreover* 
crednlitv is pot strained by being asked to believe in bacteria which 
can not be seen and which too often are regarded as niythiea.1. 
The worms which are expelled are plainly visible to the na.ked eye. 
Hookworm measures^ theUt are capable of creating a genuine in¬ 
terest in public health in the masses, who* quickened to a reali- 
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nation of the possibilities from control measures, soon demand 
relief from other preventable diseases. Health officers are sought 
and their work is welcomed Instead of being regarded as an in¬ 
trusion upon personal libcrt>'. The interest which was awakened 
by the aebievements of the American sanitarian is being followed 
up by the International Health Board through codperation with the 
governments of many countries. In the East alone, cooperative 
measures have been carried out in Eg>'pt, India, Ceylon, Straits 
Settlements, Seychelles, Fiji, Papua, Siam, Java, Australia, and 
negotiations are in progress for the further ejstensioti of the work. 
Thus the United States, a nation that was almost entirely ignorant 
of tropical sanitation when it entered upon its war of 189S, is now 
gradually assuming a position of importance in this remarkable 
held. The establishment of educational institutions has followed 
hand in hand wdth the sanitaiy work, so that in the future the 
natives of the Philippines may have the knowledge to achieve 
health results for themselves. 

An important outcome of America s entrance into the field of 
tropical sanitation ts the reflex stimulus which has been produced 
in the United States. We are emulating in our oivn country the 
wonderful achievements which we ourselves have helped to ac¬ 
complish in the tropics. But the greatest effect has been to the 
world at large. The impetus which sanitation in the Orient has 
received during the past few years has contributed greatly to the 
w ell-bcing of mankind, and America’s efforts, which have been made 
largely through altruistic motives, have added no small share. 

Rjockefellez Foundations 
Ntw Yotn. 


A CRITICAL SURVEY OF THE SENSE OF HEARING IN 

FISHES. 

Bir C, H. PARKER, 

It was the opinion of many ancient writers that fishes could hear. 
Thus Aristotle in his '* History of Animals,’ Book I V., Chapter 8 , 
after having stated that fishes possess no evident organs of hearing, 
declared that nevertheless they must hear, for they flee from bud 
noises sucli as those made by the oars of a trireme. Aristotle 
added further that fishermen were careful to avoid making a noise 
with their oars or their nets when they perceived many fishes ooL 
lected tt^ether, and he concluded that it was evident from these 
considerations that fishes have a sense of hearing. 

Among the Latins Pliny in his " Natural History," Book X., 
Chapter S9, stated that though fishes were without ears, yet it was 
c^uite certain that they could hear, for it was a well-known fact that 
in some fish-ponds, the fishes were called to their food hy the dai>' 
ping of hands and that in the fish-ponds of the Emperor they came 
each kind in response to its name. Thus, notwithstanding that these 
older writers sometimes confused dolphins and other cetaceans with 
tme fishes, they had from unquestionable sourecs abundant evidence 
upon which to base their opinton^. 

The credit of having discovered, contrary to the belief of such 
authorities as Aristotle and-Pliny, that fishes really possess mtemal 
ears, seems to rest wuth Casserius (l 6 lO>. This discovery was 
quite in keeping with the opinion of the times as may be inferred 
from the conversation between Venator and Piscator in that delight¬ 
ful repository of ancient fish lore, “ The Complete Angler." In the 
first edition of this classic (1653. P- l^S) Walton makes Venator 
put the question to him “But Master, do not Trouts see us in the 

night ? " A nd to Ih is query Walton, in the guise o f Piscator, replies, 

“Yes, and hear, and smel too, both then and in the day time," 
WTiereiipon he adds an account of an experiment by Sir Francis 
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Bacon to show'that sound is easily conducted through water and 
he concludes wdth the statement that this experiment ''has made 
me crave pardon of one that I laught at, for affirming that he knew 
Carps come to a certain place in a Pond to be fed at the ringing of a 
Bel; and it shall be a rule for me to make as little noise as 1 can 
when I am a fishing, until Sir Francis Bacon be confuted, which I 
shall give any man leave to do." In the second edition of '* The 
Complete Angler" (J655. P- * 75 ) Piscator, who seems to have pon¬ 
dered the matter of fish hearing in the two years since the first edi¬ 
tion appeared, added the following final touch. “All the further 
use that I shall make of this, shall be to advise Anglers to be patient, 
and forbear swearing, lest they be heard, and catch no fish.” 

In the eighteenth century the ears of fishes were studied by such 
workers as Klein (1740)* Geoffroy (17S0). Hunter (17&3), Monro 
(1785) and others. Hunter {1782, p. 383), in commenting on the 
function of the ears of fishes, makes the following statement: 

Thus Hunter confirmed the opinion of previous investigators, 
who were further supported by what was learned of the structure 
of the fish car by a host of later workers including such men as 
Comparetti (1789). Cuvier (1S05), E. H. Weber (1820) and espe¬ 
cially G. Retzius ( tSSi), whose monumental work on the cars of 
vertebrates may be said to have completed a chapter in our knowl¬ 
edge of this sense organ. 

Retains (iSSi) has reported very' fully on the structure of the 

"As it is evident that fisli (Hissess the of hearing, it beeoTnes unnec¬ 

essary to make or relate any wperiment made with live fish which only tends 
to prove this fact; but I will mEntion one ezpcrinieiit. to shew that sounds 
affect them mucli, and is one of their guards, as it is in other animals. In 
the year i?<54, when 1 was in Portugal, I observed in a nohlemau's i^rden, 
near Lfshon, a stnall fish-pond, full of different hinds of fisiL Its botUnn was 
level with tlie ground, and was made by forming a bauk all round- There 
was a shrubbery close to it. Whilst I was laying on the hank, observing me 
fish swimming about. I desired a gentleman, who was with me, to lakr a 
loaded gun, and go behind the shrubs and fire it. The reason for going 
behind the shrubs was, tliat Uiere might not be the least reflection of liglu. 
The instant the report was made, the fish api»eared to be all of one trtind. far 
they vanished instantaneously into the mud at the bottom, tai'^ing as it were 
a clond of mud. In about five minutes after they began to appear, till the 
whole tame fortli again.” 
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sirs of no fewer thsin forly-dfjht species of fishes. The completely 
differentiated internal ear of one of the higher fishes consists of a 
utriculua w) with its three aeniicircula.r canals and a sacculus 

(jc) with its appended lagena The iilrieulus Is ordinarily 




Fio. 1. 


Fic. 2, 


Fic. ]. Left Ear of die European Perch, Per^a fiuvialUfS, lateral %ieWp 
showing the three otolitlu; s, asttrisois: I, lapiiltts: fe. laseHAt sa^itta; 
jjj saceulus J Ur ntricu In^ After Rctzius. 

Fig. 2. Left Ear of the Etiropcsui Perchp P^rtci fiMimtilk, mpdiao view, 
showing tilt sensory patches s crista ^custica: h lapilla acushca lageo*: n. 
macula acusiica ncglecia; j, irtacuta aciwtica saccuti; «. macula acu-stica utric- 
uli. After Renitia. 


connected with the saccnlus by the gtrieulo-KiccuIar canal. The 
sense organs in this type of car reach a maximum namber of seven: 
a crista acustica in the ampulla of each of the three semicircular 
canals (Fig. 2 . c), a macula acustica (ii) in the utriculus and a 
second one (f) in the sacculos, a macula acustica neglecta (n) m 
the utriculus, and a papilla acustica (() in the lagcna. No fish is 
known to possess a papilla aenstica bastlaris cochlcx or organ of 
Corti. which makes its first appearance in certain amphibians and is 
found in all higher vertebrates. Three otoliths arc commonly pres¬ 
ent In the ears of the higher fishes: a large one, the sagitta (Fig, i, 
j). on the macula acustica in the sacculus, a smaller one, the asteris- 
ens (a), in the lagena, and a still smaller one, the lapillus (/), on the 
macula acustica in the utriculus. 
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Some fishes show considerable divergence from the plan of struc¬ 
ture just laid down. Aside from amphioxus, which possesses no 
ears at all, the e)'clos tomes exhibit the simplest and probably the 
most primitive type of this sense organ. In these fishes each ear 
consists of a single sac with never more than two semicircular canals 
corresponding very probably to the anterior and the posterior ver¬ 
tical canals of the higher vertebrates. There are three sense organs, 
a crista acustica for each of the two canals and a macula acustica 
communis on the wall of the sac. In all higher fishes each ear-sac 
is double, as already described, consisting of a sacettius and a utricu- 
lus with its three semicircular canals. This type of car possesses 
ordinarily the seven sense organs already enumerated, the macula 
acustica neglccta being, however, occasionally absent. In the elas- 
mobranebs the utriculus and sacculus of a given car communicate 
freely with each other through a relatively large opening. In the 
telcosts and other higher fishes a narrow tube, the utriculo-saccular 
canal, may connect these ttvo parts, or they may be quite disconnected 
anti separate. Of the tliirty-thrce spedes of tcleosts reported on by 
Retzius, eleven possessed a well-devclopcd utriculo-saccular canal, 
two showed traces of it, and twenty were without the least sign of 
it, though in embryonic stages they presumably possessed it. These 
arc the chief facts in the comparative anatomy of the ears of fishes. 
As the terminology shows, these organs were regarded as organs of 
hearing and this opinion was the prevailing one among scholars of 
the last century. It has been more or less tacitly assumed in the 
more important text-boots of that period such as Owen {i86G), 
Wiedersheim (18S3), Gegenbaur (1898), and others. 

The first noteworthy opposition to this opinion came from de 
Cyon f 187S). This investigator, in his study of the function of the 
semicircular canals in vertebrates, made the observation (p, 93) that 
lampreys did not respond to sounds and that after their internal ears 
had been removed, in itself a relatively simple operation, they ex¬ 
hibited great disturbances in locomotion. These disturbailees were 
to be observed seven iveeks after the operation and were presum¬ 
ably permanent. De Cyon, therefore, concluded that the ears in 
this primitive fish were concerned with responses to spacial relations 
and had nothing to do with hearing. This opinion was Supported 
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by the fact that the ear of this fish was unprovided with a cochlea, 
that organ which is present in the ears of the higher vertebrates and 
is especially concerned with hearing. 

Some seventeen years later and apparently without Scnowlcdge of 
de Cyon’s results, Kreidl (1895) undertook the study of the f unc* 
tion of the fish ear. His work was carried out on the goldfish 
(Card/nws aurotus) and with much care and many precautions. 
Normal fishes in a carefully guarded aquarium w^erc found not to 
respond to sounds produced in the air, or even in the water itself, 
though the creatures did react to a hlow on the cover of the aqua¬ 
rium. Fishes poisoned slightly with stiy’chnine were more sensitive 
and, though they did not respond to a bell or whistle sounded in the 
air nor to a metallic rod made to vibrate in the water, they did 
respond to the tapping of the rod. to the dapping of hands, and to 
the report of a pistol. After the removal of the ears, the equilibrium 
of these fishes was greatly disturbed, as was to be expected from 
the previous work of Loeb (1S910, iS9]&), Lee (iSpa, 1893. ^894) 
Kreidl (1892). and Beihe (1894, 1899), but the animals showed no 
change in their responses to sounds. Kreidl (i 895 » P- there¬ 
fore, conduded that it could not be shown that the goldfish hears 
and that the responses that this fish exhibits to sound-waves were 
dependent upon a specially developed skin-sense. 

The year following. Kreidl (1896) carried out some simple but 
conclusive experiments at Krems where large numbers of trout and 
other fish were bred for market purposes and w'hcre the fish svere 
said to come for food at the sound of a bell. Kreidl showed that 
when the bell was rung by an unseen person, the fishes failed to 
assemble and that the real stimuli that caused them to come to¬ 
gether was the sight of the keeper and the vibration of his tread. 
Thus Kreidl tvas ctMifirmcd in his view that fishes, including both 
goldfishes and trout, do not hear. 

Kreidl's papers were soon followed by One from Lee (1898), who 
tested a number of species of fishes by subjecting them to the sounds 
of the human voice, the clapping of hands, and the striking of stones 
both above and under water. Though the fishes tested proved to 
be veiyf sensitive to the jarring of the tank in which they were and 
to concussions on its walls, they did not respond to sounds produced 
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as already described and Lee (i8g8, p. 138) concluded tliat fishes 
do not possess the power of hearing, in the sense in which that term 
is ordinarily used, and that the sole function of their ears is equi¬ 
librium. 

These conclusions vvere not supported by the work of Parker 
19033^ 1903^?) on FtmduJns h^Uir^^ditus, Rcco^izing the possi¬ 
bility that sound might stimulate not only the skin and the ear hut 
also the organs of the lateral'llne system, three set& of Funduius 
were tested. One set was entirely normaL A second set was pre¬ 
pared by cutting the roots of the fifth and seventh nerves, the lateral- 
line nerves, and the spinal cord a short distance behind the skull, 
thus rendering inoperative the lateral'Iine organs and the organs of 
touch on the whole surface of the fish except in the r^on imme- 
diatety about the pectoral fins. In this set the ears were left intact. 
In the third and last set the eighth nerves were cut, thus eliminat¬ 
ing the ears^ while the receptivity of the skin was not interfered 
with. 

These three sets of fishes were subjected to sound stimulaticn in 
a large aqviarium. The sound was generated by plucking a bass- 
viol string attached to the ’ivooden end of the aquarium and so ar¬ 
ranged that its vibrations were transmitted directly through the 
wood to the water of the aquariuen The normal fishes responded by 
pectoral-fin movements in 96 per cent, of the trials. The fishes in 
which the skin had been rendered insensitive, though greatly re¬ 
duced in their powers of locomotion by the operations they bad un¬ 
dergone, nevertheless responded in 94 per cent, of the trials. Fi¬ 
nally the fishes in which the cars had been eliminated responded in 
only [8 per cent, of the trials. It was, therefore, concluded that 
sounds called forth responses in Fundutus by stimulating not only 
the skin but also the ears, in other words, that this fish hears. To 
remove any doubt as to the nature of the stimulus, an electrically 
driven tuning-fork of the rate of 128 complete vibrations per second 
was made to replace the bass-viol string on the wooden end of the 
aquarium. When the fork w’as in vibration, its base could be 
brought in conract with the wall of the aquarium and withdrawn at 
will. If this operation was carried out with a motionless fork* no 
response from the fishes was to be observed, but when the fork was 
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in vibration norniEil fishes and iish<^s in which the skin was insensi¬ 
tive responded quite reguiarly with fin movements whereas those 
in which the ears had been eiiniinated showed no reactions* Hence 
there seemed to be no doubt that the ear of F«Jidiff«j was stlmu* 
lated by tones. 

In view of the discrepancy between the results of Kreidi and 
those of Parker, Bigelow (1904) was led to retest the goldfish. 
Three sets of fishes were prepared corresponding to those that had 
been used in Fttnditlus hy Parker. These sets were subjected to 
the tones from an electrically driven tuning-fork led into the water 
in which the fish was by bringing the base of the fork into con¬ 
tact with the wooden side of the aquarium. K'oraial fishes re¬ 
sponded in 78 per cent, of the trials. Fishes with insensitive skins 
but normal ears reacted in So per cent, of the trials. While fishes 
in which the eighth nerves had been cut gave no responses what¬ 
soever to the tone of the fork. These results agreed in the main 
with what had been obtained by Parker in Funduhs, but disagreed 
with KreidJ’s results on the goldfish, Bigelow, therefore, sought 
for the grounds of this disagreement. For this purpose he re¬ 
peated exactly Krcidl’s procedure in preparing the fishes and in¬ 
stead of eliminating the ear by cutting the eighth nerve, he re¬ 
moved this organ by opening the skull and withdrawing the semi¬ 
circular canals and the attached parts of the ear as Kreidi had done. 
On testing such goldfishes, they were found, as Kreidi had asserted, 
to respond to tones as iionnai fishes do, but on dissecting them, tt 
was discovered that by this method only the utriculus had been taken 
out with the semicircular canals and that the sacculus, uninjured 
and intact, had been left behind. It was, therefore, clear that 
Kreidi’s operation removed only part of the car and that the portion 
left behind was the very part most likely to be concerned with hear¬ 
ing. Thus the discrepancy between Kreidl's tvork and that of 
Parker and of Bigelow was cleared away, 

■fa 

Following: these results came a series of papers that were In part 
favorable to the opinion ihal fishes could hear and in part opposed 
to this view. Of those In opposition the first %^^s by Korner (1905)^ 
This author tested uventy^five kinds of fishes that had become 
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accustomed to life in aquaria,^ The source of &ound was a " cri- 
cri ” a child's toy consisting of a slightly deformed metal key which 
on being depressed gave forth a nfiomentary high'pitched, penetrat¬ 
ing sound. This sound was made under water at a distance of 30 
to 60 centimeters from the fish and was in no instance followed by 
a response. Komer (1905, p. 126), therefore, concluded that hear¬ 
ing was an unproved function for the cars of fishes. 

JUrage {1906) was also unable to get any responses from seven 
species of fishes subjected to synthetic vowel sounds led into the 
water through a rubber tube closed by a thin rubber diaphragm. 
Six of these fishes {Gobie jfiK-iatrTfj, Attguilla vulgaris, Esax heuts, 
Tiuca vulgaris, Cyprinus carpio, and Lcuciscus TutUus) were tested 
in confined water and one {Alburnus iuddus) in the open. 

Briining (1906) noted that stickelbacks in an aquarium were not 
disturbed by tlie dapping of hands even when this was done close to 
the top of the water and that fishes in a pond did not respond to a cry 
though they were startled by the tread of the observer on the bank. 

Maier (1909) installed under water in an aquarium, an electric 
bell so wired that it could be controlled from outside. With this 
device he tested eleven species of marine fishes {Gadns morrSitia, 
Clupea harettgus, Atnmodytes laitccolatus, Trigla giinardus. Cottas 
scorpias, Rhoiiibus ziifflfflm, Plcuronedes pbtessa, 

P. fiesus, P, Hinauda, and Raja clavata) and tivelve species of fresh¬ 
water fishes (Cy/>nwitJ carpio, Atburtuis lucidus, A. bipunctatiis, 
Idas melanotiis, Gobio flaviiiiitis, Barbus fiuv'mtilis, Rhodcas atnarus, 
Anguilla vulgaris, Macrapodltts sp., Atsabas sp,, Ospkrotttcntis sp., 
and (jiVardiHiiJ sp-)- To the sound of the bell no reaction of any 
kind was given by any of these fishes and Maier (i 909 f P* 394 ) 
concluded that they possessed no powers of hearing. Nevertheless 
he was surprised to find in connection with another line of experi- 

tThe fishes tested hy Kerner <1905. P- r=J) were as follows: 

Wiffo, Cebilu fassiOs, Gatitroslrus pant/itius, Idus mtlanolvs, FrtromyfOfi 
pusidlilis, Rhedtas amorus, Bftia pug»ax, Catlieklhis fasrialuf. Cardifluf 
aurotus, and two varieties, tttulticot^r, C. trisirattius, Eltolris sp., 

Cambuiiii a^ttU. Gfapiuiffus fwajiViriisi#, Cirardinus ra»di«tffufcMfr. Haplo- 
cMltts panehax, Heros fa^eeiut.Pfrrilia PoIyafOBiltuf tfridi-fliirflitu. 

iJoCffltrKinrfiKS fosfilit, Tetrajfomtpltrus sp,, Trieliogiffter faseiahit, and T. 
ialitts. 
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mentation that the American catfish, Amiurus ncbut&SHS, regularly 
took fright when he whistled. On testing this fish further Maier 
was completely convinced that it responded to sounds. It was, 
however, the only fish of those examined by him that so responded. 

Bernoulli (1910) tested fresh-water fishes in their natural sur¬ 
roundings with th 4 sounds given out by a submerged electric bell 
and w'ith shrill whistling. Three species {Salmo farto, Aftguilla 
imlgans, and Ltti^operco sandra) were subjected to the sound from 
the bell and two foria and TbymotlHS imlgaris) to whis¬ 

tling. In no instance was there a response. 

Haempel (1911) also used the sound from a submerged electric 
bell aftd a shrill whistle as stimuli for fishes. Five species of fresh- 
ivatcr fishes were tested {Cypritiut carpio, Scardimus erythropk- 
tkidmin, Gobio ffitviaiUis, Trulta fario, and the Zw'CTgweIse= 
Amiurtis)^ None of these fishes reacted to the sounds used except 
AtMiiuriis which regularly responded to both the sound of the bell 
and to whistling. On removing the ears from a specimen of 
Aiuianis and allowing the wounds to heal, the animat lost all re¬ 
sponse to the sounds employed, Haempel P- 32 S)p there¬ 

fore, concluded that while members of the Salmonid® and Cypri- 
nidar cannot be said to hear, the Silurida? and particularly ^wn'ifriH 
must he admitted to possess powers of hearing. 

In consetiuence of the results of Maier (1909) and of Haempel 
(1911) Korner (1916) was led to investigate hearing in 
This fish was subjected to various kinds of shrill w'histling, includ¬ 
ing that from an automobile w'histle, to a series of musical tones, 
to the notes of a scale sung by the human voice, and to the sounds 
from a “ cri-cri,” To none of these stimuli was there the slightest 
response. Komer (1916. p, ^63) was unable to explain his nega¬ 
tive results with AmiurMs as compared with the positive outcome 
of the tests made on the same fish by Maier (1909) and by Haempel 

The papers that have thus- far been summarized support in 
general the conclusion that most fishes do not hear. Those that 
follow have yielded evidence of an opposite kind. Piper (19060, 
igo6f>) prepared the car and the eighth nerve of the pike and of 
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the ee! so that he coaid demonstrate a demarcation current on these 
parts. On producing sounds in the water in which the prepara¬ 
tions were, an action current was identifiable that lasted as long as 
the sound did. Such a current Avas also produced by tapping the 
walls of the containing vessel, but it did not result from a noise¬ 
less jarring of the preparation, nor from a stirring of the water 
around the preparation. From these results Piper (IQOfw. p- 296) 
concluded that fishes responded to sounds by means of their ears. 

Parker (1909, 19110) attempted to ascertain if there was any 
evidence for hearing in the dogfish, Jl/iwfc/its £anis, which, as previ^ 
Otis study (19030, p. 62) had shown, was not responsive to ordinary 
sound vibrations in water. It rvas found, hoAvcver. that if the 
w'ooden wall of a tank containing a dogfish was struck by a heavy 
SAvinging pendulum, the dogfish within Avonld respond by a sudden 
jump forward or at least hy a waving of the posterior edges of the 
pectoral fins. The pendulum consisted of a bob weighing 3,800 
grams and a suspending wire, the Avhole apparatus having a length 
of 260 centimeters. This. deAuce was calibrated so as to strike the 
Avail of the tank AA'ith a momentum of 83,600 centimcter-gram-second 
units or more. The minimum stroke was taken as unity and strokes 
of greater magnitude could be conveniently delivered up to about 
five times that of the assumed unit. Normal fishes Avhen swimming 
freely in the Avatcr occasionally responded by pecloral-fin movement 
to a stroke of m^nitude 1 and invariably to a stroke of 1 . 5 - After 
their eighth nerves had been cut, th(^ did not respond to a stroke 
of less than 3 and invariably only to one of 4- To ascertain if this 
reduction in sensitivity was due to the operation they had suffered, 
a second set, in A%- 1 nch for other purposes the optic nerves had been 
cut, were tested Avith the pendulum. These fishes responded regu¬ 
larly to a stroke of magnitude 2, To eliminate the skin and lateral- 
line organs, the fifth, seventh, and latcral-ltne nerves Avere cut, the 
spinal cord destroyed up to the neck region and the skin around the 
pectoral fin cocainized. NotAvithstanding the extent of their prep¬ 
arations, these fishes responded by movements of the pectoral fins to 
strokes of the pendulum of magnitude I to i. 5 - Without question 
their ears lA’crc receptive for these vibrations, Parker, therefore. 
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concluded that though dogfishes arc not responsive to ordinary 
.uusical tones, they do possess hearing. 

Tests carried out by Parker (19100) on Avtmoctrici by the 
same means as those used with the dogfish yielded similar results. 
This fish is sensitive to sound not only through the skin but also 
through the cars. 

Parker (191Q*) also studied the cars o£ Cymsckn. In this fish, 
as in nianv other acanthoptcrygiauSp the sacctitus and the iitriciilus 
arc cntiTcly separate structurcss there being no utriculo-sacqular 
canal. Cymj!don, after having been in a large wooden tank for 
some lime, became adjusted to its new environment and when the 
side of the tank was tapped vigorously, it responded by a slight 
forward spring. The utricnlus and semicircular canals w^cre then 
destroyed through a small incision on the top of the head, leaving 
the saccutus intact. Such fishes showed at once disturbed equilib^ 
rtum, after which they recovered their upright position. On having 
blinders put over iheir eyes, however, they swam with great irregu¬ 
larity. Thus tx>th eye and ear are involved in their responses for 
etjuilibrium. During all these tests, however, they reacted as normal 
fishes do to taps on the wall of the tank, showing that the destruc* 
lion of the utriculus and semicircular canals had not interfered with 
their responses to sounds. It w^as found impossible to reverse the 
operation just described and destroy the sacculus leaving the utric¬ 
ulus intact. But by forcing a strong pin through the paper-thin 
bone betw cen the roof of the mouth and the sacculus, it was possible 
to Rx the lar^c otolith of the sacculus. the sagitta, firmly against the 
outer or non-nervous wall of the sacculus and thus prevent its inde¬ 
pendent motion. Fishes treated in this way were only occasionally 
responsive to ta|>s on the w^ooden wall of the tank. If a normal 
fish and one with the sagitue pinned down W'ere tested in the same 
tank, the greater responsiveness of the normal individual W'as ^sily 
noticed- Although ihc experiments on Cynosdon leave open the 
question of the extern lo which the skin may participate in sound 
reception^ they show very" dearly that the sacculus of the ear^ ais 
contrasted with the utriculus, has a well-defined pari in this activity. 

Meyer (1910). whose work was chiefly concerned w ith the capac- 
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ity of fishes to associate, showed tliat ^old^shcs could be taught to go 
for food to one or another part qf an aquaniim depending on the 
sounding of a high- or a low-pitched bellp a result favorable rather 
than otherwise to the opinion^hat goldfish hear, 

Withonl knowledge of the vvork of Haempel (1911) and of 
Korner (igi 6 ) Parker and Van Heusen (1917) undertook the study 
of the responses of ^iiiJirnu to sound and other mechanical stimuli. 
They were influenced in this hy tlie hardiness of Armurus and by 
the observation of Maier (19^) ^hat this fish responded to a 
whistle, AS in Parker's former experiinents, attempts were made 
to eliminate the ears, the laterabHne organs^ and the skin. In two 
of these operations new methods were devised. In excluding the 
ear nothing better w^as found than cutting the eighth nerve. After 
the operation the necessary incisions on the head quickly healed and 
the fishes lived w^elL Following the tests, fishes that had been 
thus operated upon were dissected to ascertain that the eighth nerves 
had actually been ciit^ an almost invariable result. In the elimina¬ 
tion of the lateral-line organs those of the trunk were rendered 
inoperative by cutting the lateral-line nerves near the gill clefts and 
those of the head by destroying individually the forty-eight organs 
of that region, ITiis was done by means of an electric depilating 
needle. Histological examinations of the spots thus treated showed 
in the preliminary tests the complete destruction of these organs. 
Finally^ the skin was rendered non-receptive by painting It wdth a 
20 per cent, solution of magnesium sulphate, which ivas allowed to 
act for five minutes. The skin of a fish 50 treated remained insensi¬ 
tive to mechanical stimulation for an hour to an hour and a half. 

In preparing fishes for experimental tests they were always 
previously blindfolded by having a pair of thin leather goggle- 
shaped shields placed over the eyes and held there by a few stitches 
taken in the skin. Because of its* gregarious habits Amiurus was 
always tested in pairs, single fishes being much less satisfactory for 
experimental work than two. In accordance with the states of 
their sense organs eight groups of fishes were used: first, normal 
fishes with skin, lateral-line organs^ and ears intact; second^ fishes 
with skin and ears intact but lateral-line organs eliminated; third, 
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fishes with skin and lateml-Iinc organs intact but ears eliminated: 
fourth, fishes with only skin intact; fifth, fishes with only lateral- 
line organs and ears intact; sixth, fishes with only ears intact; 
seventh^ fishes with only laternl-hne organs intact; and eighth and 
last, fishes vnih none of the three sets of sense organs intact 

The fishes were tested in an aquarium Of glass and stone, measur- 
ing 75 cm. by 35 cm. by 40 cm. This was supported on an in¬ 
flated bicycle tire that rested on a table each leg of which pressed 
on a mass of excelsior wood chippings spread on a tile which in turn 
had under it a pad of rubber i,S cm. thick. The w^holc apparatus 
was set up on the concrete floor of a basement room in the labora¬ 
tory' and proved to be remarkably free from extraneous vibrations. 

Of the several kinds of sounds to which the fishes were sub- 
jecEed, that from a watchman*s whistle^ blown vigorously in the 
air gave mosi striking results. Of the four classes of fishes in 
which the ears were inEact all responded with clearness and cer¬ 
tainty by swimming at once from the upper surface of the water 
into deeper positions in the aquarium. Those in w^hich the eighth 
nerve had been cut did not respond at all to the whistle, though they 
responded to Olher stimuli, such as currents of w^ater, water dropped 
on the surface of that in the aquariuiUp and pendulum strokes on 
the wall of the aquarium. Inddentally it may he mentioned that the 
currents of water and the drops of water proved to be stimuli for 
the skin only, but that the strokes of the pendulum affected not only 
the skin but also the ear (compare Table I., Parker and Van Heusen, 

1917. 473)^ 

Another means of stimulating consisted in a series of 

tones from a telephone submerged in the water of Ehe aquarium. 
This telephone w^as enveloped m a tighlJy stretched thin rubber bag. 
By means of a piece of apparatus consisting of a series of seven 
altematlng'Currcnt generators writh their armatures on a common 
shaft driven by a ten-horse-power electric motor, currents of 43, 
86, 172, 344, 6SS, 3,376, and per second were produced. 

By appropriate switches any one of these could be throivn into the 

^ soynd produced by this whistle consisted of at least two etements: 
a low vibratsoo probably due to the rapid Dscinatton of the small ball con¬ 
tained in die whistle, and a shrill |npiog note. 
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telephone which then yielded a tone of corresponding pitch. These 
tones were of a musical quality and were accompanied by harmonics. 
Thus the fishes in the aquarium could be subjected to ^>^ 3 '«ne ^ 
the seven tones from 43 to 2 . 75 ^ vibrations per second withou he 
least mechanical jar or disturbance. To be perfe^y sitre that the 
operation of the telephone had no effect upon the fishes, except 
through the sound it produced. Lis vibrating plate was removed, after 
which it ^vas operated in the aquarium as m the ordinary test^ 
Under these circumstances no responses of any kind were obtained 
from the fishes. The electromagnetic field and such other incidental 
disturbances necessarily introduced by the telephone were t us 

shown to he ineffective as stimuli. 

The reactions of Amiurtts to the tones from the telephone arc 

given in the following table: 

TABLE I. 

J AT OctaIT. ISTES^'ALS FKPM to 2^75^ 

of TO T0>E5 AT IJCTAit i 
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From the observations recorded in ims laoie i--. 

Heusen (1917. P* 47 ?) concluded that Anthnts is more generaUy 
stimulated by tones of low pitch than by those higher in the scale, 
that both the ears and the skin arc effective as receptore for these 
tones, but that the ears have a wider range than the skin. These 
results completely confirm Haempers conclusion that Amiurus can 

hear. 

The judgments that from time to time have been passed in these 
two lines of evidence have been almost as diverse as the evidence 
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itself seems to be and mucli has naturally depended upon the mo¬ 
mentary^ phase of the subject. Lang (1903), after an extended ac¬ 
count of the relations of the otOcysts of invertebrates and the ears 
of vertebrates to equilibrium, concluded on the basis of Kreidrs 
experiments that there is no great likelihood that Bshes heatn but 
that experiments should be tried on fishes that have differentiated 
sEructures for the production of sounds. Blochniann (1903, p, 
XCVL) cm similar grounds also doubted if fishes could hear. Hen- 
sen (1904) reviewed the work of Zenneck (1903) and of Parker 
(19033) and concluded from their results that fishes do hear, a 
conclusion that was justly criticized by BezoM (1904, p. J 59 )^ who 
pointed out that Zermeck's results might be explained on the assump¬ 
tion that the skin was stimulated. Somewhat later Zacbarias (1906.) 
in a popular article concluded on the basis of the W'ork of Kreidl 
and of Komcr that fishes could not hear and misstated (1906, p. 
373) entirely the results of Zenneck and of Bigelow* which he 
claimed supported this conclusion. Two years later Komer ( tgoS) 
declared that conclusive experimental evidence to show^ that fishes 
hear had not yet been produced^ but he felt that it was not im¬ 
possible that they possessed a certain degree of audition. In the 
same year Edinger (1908) pointed out the relation of sensory reac¬ 
tions to central nervous structures and stated on the basis of Piper^^ 
work that with fishes it was rather a question of what did they hear 
thati did they hear. Willem (1913. p. on the basis of the evi¬ 

dence already cited, argued in favor of hearing. Watson (1914+ p. 
393)+ after reviewing the more important statements pro and con on 
the question of fish hcanug, summed the matter up in the sentence: 
'"It seems very difficult to reach any conclusion in the face of such 
Contradictory evidence-” 

In attempting to sift what has been thus far advanced on the 
problem of fish bearing, it is natural to beg^n with the query of 
what would constitute hearing in a fish. Both Krefdl (1895) and 
Lee (189S) have discussed this question in the light of their own 
experiments. Kreidl (1895^ p. 461) has pointed out that it is not in 
accord wdtb ordinary usage to speak of be,'iring as any sensoiy' dis¬ 
turbance produced in an animal by a vibration propagated through 
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thfl surrounding medium. Such disturbances, as has long been 
known, may stimulate the organs of touch as well as the ear. 
Kreidl, therefore, rightly maintamed that these disturbances must 
be shown to stimulate the car before they can be said to be stimuli 
for hearing. Lee (1898, p. 13S) has also emphasized the impor¬ 
tance of regarding hearing " in the sense in which the term is ordi¬ 
narily used." It seems, therefore, fair to conclude that any dis¬ 
turbance that can be said to produce hearing through the human 
ear may also be said to call forth hearing in a fish provided it can 
be shown to act through the ear and not simply through the skin or 
other such receptive surface. 

The human car is normally stimulated by a great variety of 
sounds, some in the nature of tones and others in the nature of 
noises. We hear not only the tones of a tuning-fork, but the less 
pure tones of musical instruments, and of the voice as well as an 
immense array of very' irregular disturbances, difficult to describe 
from a physical standpoint and classed generally as noises. Perhaps 
among the most extreme of these are explosive noises such as are 
produced by the clapping of hands, the discharge of firearms and 
so forth. All of these we certainly hear, for they affect us chiefly 
through the ear and their inefficiency as stimuli for the deaf is well 

kno'^^TJ- 

When they are extremep they produce what we oommonly speak 
Df as shock ot concussion and there has been a tendency on the part 
of some workers (Bateson, 1890, p- 252) to the shock as 

distinct from the sound. From a physical standpoint there seems 
to be no grounds for this assured distinction. The powerful dis¬ 
turbance that emanates from the midst of an explosion is not made 
up of sound and shock or concussion, but Is a single complex dis¬ 
turbance which when it strikes our bodies may stimulate ears, skin, 
and even other sense organs. In so far as it affects our ears, how¬ 
ever, we must admit it as a stimulus for hearing. Kreidl (1895, p. 
4S9) has pointed out that sounds with shock quality are more effec¬ 
tive as stimuli for fishes than ordinary tones are, and the experi¬ 
mental work of later investigators goes far to substantiate tlus con¬ 
clusion. Nevertheless, for reasons already given, this state of 
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affairs dws not militate against the use of this class of sounds as 
stimuli for the ear. It is, therefore, entirely appropriate to use such 
sounds in testing hearing in fishes, but the cxperimeuter must show 
beyond a doubt that they do stimulate the ear, oEherwise evidence 
derived from such tests fails to touch the problem. The lest for 
hearing in fishes is the proved presence of a response mediated by 
the ear and dependent upon some vibratory physical disturbance in 
the water which disturbance may vary' from tlic extreme regularity 
of a pure tone to the extreme irregularity of a noise such as the 
report of a gun or other like explosion. 

In discussing hearing in fishes^ Lang (1903^ pp. 44, 48) ex¬ 
pressed the opinion that these animals probably possess through the 
ear a sense of trembling (Erschuttening, Erzitterung) rather than 
one of true hearing and that this sense of trembling is a forerunner 
of hearing. In distinguishing the sense of trembling from that of 
hearing he states that in the former the pressure waves are per¬ 
ceived as a series of more or less distinct and separate entitieSi 
whereas in hearing the impression is more homogeneous. This 
distinction is one that pertains to sensation and, therefore^ it can 
hardly be made the basis of experimental tests in fishes. It, more¬ 
over, implies that we cannot be said to hear sound vibrations whose 
note is so low that the single beats fail to fuse. But that we hear 
these beats as well as we do tones is beyond dispute and Lange's dis- 
tfnctioii, therefore, is in reality without support. Something of the 
same view has been expressed by Bernoulli (1910, p. 639) who^ 
however, assumes the receptor for such beats to be the skin not 
the car, 

Lang (1903, p, 4S) and a few other w’orkers have also intimated 
that hearing is a process that probably cannot be carried out in 
water, but is necessarily associated in some way with the air. A 
little thought, however, will show that this position is quite unten¬ 
able, for watery fluids bathe the end organs of the internal ears of 
all vertebrates w'hether they be inhabitants of the air or of the 
w'atcr. If fishes hear, sounds normally reach iheir ears much more 
simply and directly than in the case of air-inhabiting forms^ for 
such disturbances pass at once through fishes' bodies and require no 
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translation front an air mcdiunt to a water medium as they do in 
air-inhabitine vertebrates. When, therefore, as occasionally 
happens, a fish takes up with a temporary residence in the air. it 
should not be expected to be very responsive in this situation to 
sounds. This seems to be the case with Ptriophtbalmus phya, 
which often deserts the water for the shore and which, when in the 
air. is apparently quite deaf even to the report of a shotgun (John¬ 
stone, 1903, p. 300). It is only after the development of some form 
of translating apparatus, such as an car-dnini and a middle car, that 
it would be fair to expect such animals to show mneh response to 
sounds in the air. Organs of this kind characterize the ears of air- 
inhabiting vertebrates and represent a means of overcoming an 
auditory obstacle which fishes have not had to meet, for, as has 
just been made clear, there is not the least ground for assuming that 
from a physical standpoint water-inhabiting animals find any im¬ 
pediment to hearing. 

It is a well-known fact that sounds produced in the air penetrate 
water to only a very slight degree and, conversely, that sounds gen¬ 
erated in the water pass out into the air only to a correspondingly 
limited extent. 'ITie ordinary surface between air and water is an 
excellent reflector of sound. Parker (ignf', p- 4) found that even 
the loud noise from a motor boat was only faintly heard by an ob¬ 
server who dove close to the boat and Watson (1914, p. 393). when 
under four feet of water, was unable to hear the report of a re¬ 
volver discharged in the air overhead. It is, therefore, not surpris¬ 
ing that FiimMus, though very sensitive to sounds, did not respond 
to the report of a saluting charge of two pounds of gun-poivder ex¬ 
ploded from a six-pound howitzer until the fish was within thirty 
feet of the muzzle of the gun w'hen to the human ear the sound was 
deafening (Parker. I 9 ”fr. P- 8). These conditions were fully ap¬ 
preciated by Bateson (tSQO, p. 251) when he remarked apropos of 
certain tests on pollack: ‘‘As might be expected, none of the fishes 
were seen to take notice of sounds made in the air." Such sounds, 
as has already been shown, fail in large part to enter the water, being 
mostly reflected from its surface back into the air. 

It is probably due to this circumstance, rather than that fishes 
do not hear, that the tests of a number of investigators who used 
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sounds generated m the air yielded negative resulis. Kreldl's 
(1895. p. 458) inability to stimulate goldfishes by bells and whistles 
may thus be explained as well as Lee's (iS^S, p. 137) failure to get 
responses to the human voice, dapping of hands^ and striking lo^ 
gether of stones. This may also have been the case with the ex¬ 
periments of Manage (1906), notwithstanding the care with ivhich 
a translating diaphragm was used, and it seems quite certainly to 
have been true of Bernoulli's observ^atioiis (1910^ p. 643 accord¬ 
ing to which Lucioperca failed to respond to a pistol shot from a 
boat at the distance of two kilometers. \Mien fishes in water do 
respond to sounds made in the air^ as in the ease of Afiiiums (Maiefj 
1909; Haempcl, 1911 ; Parker and Van Heusen, 1917) ^ it must he 
taken as evidence of very umis^ual sensitiveness. As a rule such re¬ 
sponses arc not to -be expected, for, as already stated, sound in the 
air enters water to only a ver)" slight degree. 

The production of sounds by fishes is not without its bearing on 
the question of fish hearing. Krcidl (1895^ p4 463} appreciated 
this side of the problem wdien he argued that Die Thatsache, dass 
es auch Fische gibt, die Tone hervorzubringert ini Stande sind, 
welche moglTcher W'eisc den 2week haben kdnnenp as I.43ckmittel zu 
dienen, las&t immerhin die Mdglichkert zu^ dass bci dicsen Species 
bereiis cine geringe Ansbildung des Gehororganes stattgcfunden 
bat," Tlie importance of testing such species was empliasized by 
Lang (1903^ p. 48). In the seventh volume of the Cambridge 
Natural History/^ Bridge (1904, pp. 355-365iiftcr remarking 
that '' contrar)- to popular belief sound^producitig or vocal organs 
are by no means uncommon in fishes,” gives an extended account of 
the various means that fishes possess for the production of sounds. 
In some instances the sounds produced by them are unquestionably 
accidental accompantmenks of other types of activity, but in other 
cases the sounds are dependent upon such differentiated mechanisms 
that it is impossible to attribute these emanations to accident. One 
instance alone will suffice. Of the fishes studied by Parker (t903fl, 
p. 4^1: 19to^) Cynasewn produces a deep drumming sound audible 
w^hen the fish is in the air to a distance of at least fifty feet- This 
sound is produced only by the males (Smith, 1905, p. 377) and 
Tow-er (190S) has shown that it results from the vibratory action 
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of a special muscle on the abdominal organs and particularly on 
the air-bladder. The females not only do not drum, but they do 
not possess the drumming muscle. This condition of blgh spcdal- 
iaation, which is doubtless connected with the breeding habits of 
Cynosdoti, is common to many of the sound-producing fishes and 
makes it impossible to agree mth Komer (1905, p. 103) in dismiss¬ 
ing all such cases as of accidental nature. Though it is possible 
that fishes produce sounds that arc in some way serviceable to them 
but that they themselves do not bear, it is very unlikely that such is 
the case and the occurrence of instances of unisexual sound produc¬ 
tion, as in Cynoscioti, strongly suggests the presence of the sense of 
hearing rather than the reverse. 

It is reasonable to suppose that if fishes hear, they will show 
some form of response to sounds. If it could be demonstrated that 
no fish responds to sounds of any kinds, it would be highly improb¬ 
ably that fishes heard. Several investigators have thus tested fishes 
and, without reference to skin or ear, they have attempted to ascer¬ 
tain whether in fact fishes respond to sounds at all. Such inves¬ 
tigations are fundamentally important for the problem at hand but, 
as already explained, they do not allow of a discrimination between 
touch and hearing. Bateson (1890, p. Sji) noticed that to the 
vibrations from blasting pouting scattered, sole, plaice, and turbots 
buried themselves, and congers drerv back a few inches. To a blow 
on the aquarium wall pollack made an obvious response. Kreidl 
(1896, p. 585) stated that Salmo iVIdciii rvas stimulated by the vibra¬ 
tion from the human footfall. Zenneck (1903) found that Lpitoj- 
f)(f rftt\i\is. L. dobuhf and Albunius lucidus swam away from an 
electrically driven bell immersed in a stream. Parker (1903a, p, 
62) showed that mackerel fcoiHijrifj) and menhaden 

(Bm'oortia lyrannfis) responded to the sHbration of a cord applied 
to an aquarium. l,.afite-Dupont (1907) found that, except for two 
elasmobranchs (la Roussettc, la Torpllle), (he Other fishes tested (le 
Grondin papillon, la VietUe, le Mulct, la Sole) were responsive to 
a stroke on the side of the containing vessel. Parker {1912) found 
that certain fishes, Tafitoga, Sicti^tomm, Jl/cfl/rrirr/ttij and Sphe- 
roidet, avoided the end of an aquarium at which blows were deliv¬ 
ered by a swinging pendulum, that Pfioiiotiis gathered near this 
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source oi sotmcJ^ and that Fundub^f though much disturbed by the 
sound, tended to go neither toward the source nor away from it 
These positive results show that many fishes respond to noises or 
even tones> but they do not throw light on the question of the par¬ 
ticular sense organ concerned and consequently it cannot be stated 
whether they are due to stimulation of the ears or of the integu¬ 
mentary sense organs or of both. 

As Opposed to this line of evidence several investigators have re¬ 
ported lists of fishes that are said not to respond to sounds in any 
vi^y. As already noted in an earlier part of this paper* Kdmer 
(1905) recorded tiventy-five kinds of fishes none of which re¬ 
sponded to the sounds from a " cri-cri." This is certainly a for¬ 
midable list. WTien Korner learned through thh work of Maier 
(1909, p. 394) and of Haempel (1911. p- 325) Amiurus reacted 
to a whistle blown in the air as well as to sounds from a submerged 
electric bell, he undertook to test this fish with a variety of whistles, 
the human voice^ and other sound-producing devices including the 
" cri-cri.” His results were completely negative (Komer, 1916, pp- 
263, 267), and he confessed his inability to explain the conflict be¬ 
tween this outcome and the results of Maicr and of Haempel. 
Parker and Van Heusen (1917) have shown not only that Aminrus 
is receptive to sounds but that, in respect to this stimutus, it is an 
exceedingly sensitive fish. Their method of wmrk throws some 
light on Komcr's results. When was to be tested by them 

for response to sound* blindfolded individuals were put into a large 
aquarium. Here they appeared to settle themselves quickly near 
the bottom and to assume in a short time a condition in which it 
w^as reasonable to carry out tests. But in this state they seldom 
responded to sounds and it was only after they had been some hours, 
or better a day or so, in the aquarium that they really arrived at a 
condition of responsiveness. After this period they began to desert 
the bottom and to swim in the iijjper water^ and in this state they 
were most responsive to ^ound. WTien thus sw^unming neat the 
top, a blindfolded Amiurus w-ould immediately descend to the deeper 
water in response to a very slight finger-tap on the slate w^all of the 
aquarium. It was only under these conditions that Parker and 
Van Heusen obtained responses to a whistle or to sounds from the 
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telephone, I f the hand of the experimenter was held in the aqitarium 
water, be it ever so carefully done, the jdHHMrju immediately de¬ 
scended to the deeper parts and responses to the more delicate forms 
of stimuli were completely inhibited. Hence Kdmer's method of 
operating a "cri-cri'’ by hand under water could have had no other 
result that that of rendering the fishes quite unresponsive and it 
would have been surprising if he had obtained anything but nega¬ 
tive results. As this responsive phase of j^miurus seems to have en¬ 
tirely escaped Kdmer’s attention, it is natural that he should also 
have failed to observe the reaction of this fish to whistles, and to 
Other sound-producing devices. Hence so far as Aniiunis is con¬ 
cerned Komtr’s negative results, as contrasted with those of Maicr 
(1909), of Haempel (1911) and of Parker and Van Heusen (1917). 
are quite dearly due to defective technique and as this technique 
was also the basis of his tests of the fiventy-five kinds of fishes first 
reported by him a$ without hearing, it follows that these tests can 
no longer be regarded as valid and that Kdmer’s statements based 
upon them are, therefore, without weight. 

Another source of error in the testing of fishes for hearing is 
the assumption that their only form of response to sound is flight. 
From the time of Aristotle this has been known to be a typical re¬ 
sponse, but that it is the only method of reaction to sounds is far 
from true. Kreidl (1896, p. 5S5 S in his experiments at the fish 
basins in Krcms got evidence that certain fishes would approach a 
center of vibratory disturbance and Parker (1912, p. 103) showed 
that Primotus, which produces a loud grunting noise, approaches a 
sound center rather than retreats from it Thus, though fishes 
under most experimental conditions commonly are put to flight by 
sounds, they occasionally may do the reverse and under more nat¬ 
ural conditions this may be a much more usual form of response 
than has been suspected. But whether fishes approach or avoid a 
source of sound, their responses in such activities are chiefly through 
their fins. It is, therefore, not surprising that in experimental tests 
sound, and particularly slight sounds, call forth very characteristic 
fin movements. As these movements follow- with such regularity 
on the application of this stimulus, to deny them as 3 sign of effec¬ 
tive stimulation is to ignore that very feature which may be of prime 
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iniporUncc in the detemiination of an experimental result. Hence 
it 3S not surprising that Haempel's out(:^>me on CyprinnSj Scardinius^ 
GQbiQf and Trntia should have been negativep lor he states (1911, p. 
320) at the outset that movements of the pectoral finSp of the caudal 
fin, and of the respiratory apparatus, however called forthp are not 
accepted by him as evidences of sound stimulation. To any one 
familiar with the responses of hsh such a declaration must seem to 
say the least, arbitrary and condemns without further ado any nega¬ 
tive results that its author might claim. Such movements are often 
most characteristic and significant and they call for dose scrutiny 
and careful observations. Although they can be seen clearly and 
beyond question when the fishes are in aquaria, they would veiy 
probably escape attention when these creatures are at some distance 
in open Avater. In consequence it seems doubtful if negative results 
recorded under these conditions {Bemoulli, 1910, p. 640) can be 
said to be well grounded. 

From the cJiserA^ttons of Parker and Van Heusen (19^7^ P’ 
477)p it is clear that Attmrus is by no means equally responsive to 
toucs of different pilches. It responded with greatest certainty to 
tones of 43 complete vibrations per second^ and with less and less 
certainty to succeeding octaves up to 6^. It failed entirely to re¬ 
spond to the two tones above 688, namely 1,376 and 2p75^. It is. 
therefore, clear that Amiitrtfs is much more receptive to tones of a 
loAV pitch than to those of a high pitch. Since moat of the sounds 
produced by fishes arc of low pitchy being described usually as 
croaking, grunting, or drumming sounds, it is probable that fishes 
are adapted chiefly to this class of tones. It iSp therefore* not im¬ 
possible that many tests that have yielded negative results may have 
done so because the tones employed were too high in pitch for the 
fishes, lliis may haA-e been the case in the sound from the crT 
cri-' employed by Korner (1905, 1916) and Avith that from the eleC” 
trie bells used hy Maier (1909). by Bernoulli {jgjo), and by Haem- 
pel (1911). If the sounds thus produced were out of range for the 
fishes, it is not to be expected that they would react. All such 
tests* there fore p that have yielded negative results are open to this 
objection until doubt on this point has been removed. Thus the 
negative evidence of practically all the recent A^'Orkers on this sub- 
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jcct is thrown under suspicion and it, therefore, remains to discuss 
this problem from the standpoint of the few cases of positive evi¬ 
dence. 

These few instances cover a considerable range of fishes^ They 
begin with Ammocates which is apparently not responsive to ordi¬ 
nary noises (de Cyon, 1878, p. 93) though it will react by a winking 
inovemem of its oral hood and by curving its body when the wall 
of its aquarium is struck by a swinging pendulum. After cutting 
the eighth nerves, these responses can be called forth only by a 
stroke at least three times as strong as in the previous instance, thns 
showing that the ear is decidedly more sensitive to this stimulus 
than the other receptors in the body, very probably those in the 
skin (Parker, 19100, p. 470). 

MitsuUts exhibits conditions very similar to those in Ammoaetes. 
It is not responsive to tones (Parker, 19030, p. 62) and to ordinary' 
noises (LaTitc-Dupont, 1907), but it reacts with a sudden jump 
forward or a quivering of the pectoral fins to a pendulum stroke on 
the wall of its aquarium (Parker, 1909, 191 P* 4 S). On cutting 
the eighth nerves, three times the former stimulus was required to 
call forth the response previously noted. This fin-movement re¬ 
mained normally elicitabic in fishes whose skin had been desensitized 
by combined nerve-cutting and treatment with cocoaine, but disap¬ 
peared entirely from them on cutting their eighth nerves. Thus 
MusteUis is responsive through the ear, and less so through the 
skin, to the noise produced by a stroke on the wall of its aquarium. 

Among teleosts three cases call for consideration; Fwululus, 
Carassius and /fwiiwnis. The grounds for concluding that Fandulus 
(Parker, 1903a) and Carassius (Bigelow, 1904) hear have already 
been briefly stated in the earlier part of this paper. Each fish re¬ 
sponds by at least fin-movements to the tones of a tuning-fork and 
to other sounds. These responses cease in part or wholly on cutting 
the eighth nerves. They are not greatly reduced by very extensive 
nerve-cutting through which much of the skin can be rendered 
insensitive. The responstvencss of the fishes under these conditions 
shows that the operation of cutting the eighth nerve cannot be re¬ 
garded as the occasion of the decline in sensitivity of the particular 
group in which this operation was carried out but that this decline 
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must be ascribed to the loss of the ear a$ a receptor. Hence the 
futility of the objection that the cutting of the eighth tienre involves 
in Itself serious inhibition. Watson (i 9 I 4 t 394 ) has urged 
against these results the criticism that the sound-producing apparatus 
used by Parker and by Bigelowp” an electrically driven tuning- 
fork^ is open to the severest kind of criticism/^ No further com¬ 
ment is made on this point and the reader is left in uncertainty of 
what should have been used except for the remark (p, 394) that h 
is strange that Parker did not repeat Bateson's experiment of 
tapping stones under water. Such comments as these show a very 
imperfect appreciation of the condidons under which tests on fish 
hearing can be carried out, for it is extremely doubtful if anything 
of value could be obtained by Bateson’s procedure whereas that so 
severely condemned yielded position results. Hence there appears 
to be no good grounds to oppose the conclusion that both Furiduhts 
and Carassius hear. 

Notwithstanding Komeris negative results (1916) the unusual 
responsiveness of Amiurus as shown by Maier (1909), Haempe! 
(1911), and Parker and V^art Heusen (1917) is beyond doubt and 
Haempel's tests of a fish from which the ears had been removed is 
strongly indicative of hearing. This conclusion is abundantly con¬ 
firmed by the much more extensive experiments of Parker and Van 
Heusen already summarized. The fact that these investigators used 
a submerged telephone as a source of sound and avoided much of 
the uerve-cuttiiig previously employed in clLminatiog lateral-line 
organs and the skin has removed practically all of the assumed ob¬ 
jections to the earlier work of Parker. They confirm, beyond doubt, 
HaempePs conclusion that AmturMS can hear. 

The part of the fish ear concerned with hearing has not yet 
been determined wdth certainty. The condition seen in many of the 
higher fishes in w'hich the two chief parts of the ear^ the utriculus 
and the sacculus, are completely separatl^d^ suggests at once differ¬ 
ent functions for these parts. And the fact that in the goldfish rhe 
animal still responds to sounds after the removal of the utrictilus 
and its appended canals f Bigelow, 1904) offers the natural sugges¬ 
tion that in this fish liearing is associated mlh the sacculus. This 
view is supported by Farkeris observation (T910&) that when the 
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large otoliths in the sacculi ol Cymschn are pinned off 
noil-nervous walls of these organs, responses to sounds largelj cease 
whereas a destruction of the utricuU and semictrcular canals does 
nnt affect hearing. These observations support Pipers conclusions 
(19060 ‘tfJoSh) based on esperinutnts involving what were with^t 
i::f;heCular Otoliths. Thus, the sacculus rather than^e 
utriculus. seems to have to do with hearing m fishes ™ ' 

nection it is interesting to record the observations of Snn h (1905. 
p 378) to the effect that in those sctamid fishes that make drumming 
noises the otoUths from the sacculi are ettccplionally large, wherea, 
in MciififirrftMJ. a scianid which does not drum, they are re live y 
small thus suggesting a relation of the sacculus to hearing as was 

S«p4=<l by s«.« (.906. p. «)). Witout, .h^relo-.. P«n,ns « 

great confidence in these somewhat fragmentary observat ons 1 
seems probable that in the ears of the higher fishes where “ 

and sacculus are well differentiated, the sacculus has to do with 

hearing and the utriculus with equilibrium, 

m bearing el .Wa cnduiion on .he tonnional .nterpretanoo 
ot the port. Pi the interool eor In the higher .ertehrote. nt«,t he 

ob%Hous. It points at once to the macula aciistica saccuh as a i«s- 
sible organ of hearing. Whether, in mammals, for instance, this 
saccular organ is concerned with hearing or not must, of course, 
settled by exi«rinicnt (compare Richard. 1916). but so far as tte 
condition in fi^es is concerned, it is not unreasonable to anticipate 
an auditory function for it. Its function, however, must be vciy 
different from that of the cochlear organ, for while the cochlea is 
without much doubt tlK organ of the ear concerned with tone dis¬ 
crimination. the macula acusttca sacculi 15 probably ai best only a 
means of distinguishing between the presence or absence of sound, 
including possibly its intensity. In this pnmitivc way fishes prob¬ 
ably hear, for It is unlikely, since they lack a cochlear organ, that 
ibeV respond in any differentiated way to differences of tones. 
Their hearing is probably to be compared to the vision of the totally 
color-blind, rather than to that form of vision in which colors are 

discriminated, . , 

But the fish e^r is not only primitive in itself, it exhibits in its 

various conditions several grades of proficiency. In not a single 
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primitive fish, cydostome or dasTnobrandij has the ear been ?hoivTi 
to be a receptor for what may reasonably be ealLed tones. The ears 
of these lower fishes arc stimulated only by relatively loud noises 
such as have been shown to be Effective stimuli for the skin* In the 
higher fishes, the teleosts^ the ears are not only stimulated by noises 
of the kind just mentioned, but they are stimulated by much less 
intense sounds and sounds more in the nature of tones. In this 
respect they mark a great ad%'ance over the conditioii found in the 
lower fishes, a condition probably phylogenetically earlier. 

From this standpoint it is maintained that fishes from the cydo- 
stomes to the tcleosts have been shown to have, in vary ing degrees, 
|>owers of hearing. WTiiie it is ea&y to agree with Haem pel 
p. 3.25) that Atniurus can hear, it is ejuite impossible to accept his 
further conclusion that “unter den Susswasserfischen einzig und 
allein den W'elsen die Fahigkcit des Horens zukommt*" That these 
fishes are the only ones that hear is so unnatural a conclusion that it 
carries with it Its owjt refutation. 

Hju^vakd Upsi^'inam', 

April, 1018. 
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THE SYRIAC DIALOGUE ‘^SOCRATES/' 


A Study in Svsuan PsitlosophYp* 

By WM. ROM AIN E NEVVBOLD. 

(Read April 

In 185ft Paul de Lag^irde published in his '^ 4 ^akcta Symea*' 
a short dialogue entitled "'Socrates.” The only known copy is 
found Irt that precious Nitrian codex of the British Museum (Add. 
1463S) which also contsinSp besides other philosophical works, the 
only existing texts of the Bardaisanian *' Book of the Laws of the 
Countriesand '^The Oration of Melito before Antoninus C®sar/‘ 
N'ot with standing the unusual intrinsic interest of the “ Socrates/' 
it has been, bo far as T have been able to ascertain, quite ignored 
since its publication. I have seen no translation of the text nor any 
discussion of the prohlenis which it presents except a brief and mis¬ 
leading statement bv Renan (in Duval,, " La Litterature Syriaque, 
p. 270)/ h has not been republished and the original edition is now* 
difficult to obtain. 

^This paper was read before the American Phslosophlcal Society in 
Aprilp 191^. but pyblicadofi was deferred in andeipation of the appearance of 
Mr. Mitchcirs second volume (see nnle 5) which was promised for Septem¬ 
ber of 1914 k but was pre^^ented by th* outbreak of the war. As this now 
seems to have been indefinitely delayed, I have decided to publish my tentative 
concltisions. 

* Soon after this paper was written my friend, Mr. Robert Pierppnt 
Blake, brought to my attention V. Ry^sers paper ** Der pseudosocratische 
Dialog fiber die Scclep*^ in Rhein. Mus.t Vol. 4 Sk pp. l 75 -i? 5 ' Ryssd 

gives a transtalion. suggests some emendation^s and adds a few footnotes 
hut does not attempt a systentalic interpretabori. He thinks it a translatioTi 
from the Greek and attributes die translation to Sergius of Ras‘ain (d. A.D, 
536), who was the translator of other texts in the same volume. Whether the 
dialogue was originally written in Greek or Syriac is a question upon which 
] have^ not formed a definite opinion, but I am inclined to think 11 was 
SjTiac. The style as a w'bnle is stngutarily idiomalcc and the ocEurrence of 
Creek words and constructions is not concliwivc evidence to the contrary in 
a work obviously imhated froni Greek models. Ttie atmosphere is purely 
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In extent it is not very lon^. occupyin|f only nine pages octavo. 
In form U professes to be a dialogue between Socrates and an 
anxious inquirer named Herostrophus or Erostrophiis,* But it 
contains little in the way of dialogue, the greater part of tlie book 
being occupied by a discourse iu which Socrates answers Hero- 
strophus’s questions. 

The author's conception of Socrates bears no resemblance to the 
Socrates of Plato and hut little to the Socrates of Xenophon. He 
is indeed an oriental sage whose utterances are received as oracles 
by his admiring hearers, and. although he expresses his views with 
modesty'—the only trace of the “ irony ” of the historical Socrates— 
he nevertheless feels that their homage is justified. **0 young 
man/' he says to Herostrophus in one passage, “not m vain and 
not for nought have you come to me to hear my words.” 

The ostensible theme is the nature of the soul, but in the course 
of tlie discussion Socrates reveals the outlines of a system of phi¬ 
losophy which is of no little interest to the student, not because of 
its intrinsic value, but because of the light which it throws into some 
dark comers of the history' of thought. The elements of this system 
are those same Platonic, Aristotelian and Stoic ideas wliich long 
before the beginning of our era had become the common property of 
the races that shared the Hellenistic culture. The syncretistic sys¬ 
tems into which they were wrought hy sundry thinkers are knoivn 
by many names—■Alexandrian. Hermetic, Gnostic, Heo-Pythagorean 
and Nco-PUtonist—hut all- possess many features in common. 
Some of these the system of the “Socrates" also presents, but its 
peculiar interest lies in the fact that the familiar elements are com¬ 
bined in novel fashion. I have indeed been able to discover but one 
other system which is closely akin to it, that of the Syrian phi¬ 
losopher Bardaisan, who wtis bom in Edessa A-D. 154 and died m 
222. It has long been known that Bardaisan exerted no little infiu- 


oriental the borrowed ideas arc treated as no Greek would treat theiii and 
the cwnipktious ahsmcc of the technical terms of philosophy comman in 
Syriac from the fourth century onward sugECtts an early dstc of compoit- 
tioti. Whatever the original language, I think it probable that the author was 
a Syristn i ccrt^nly not a Greek. 

* suggests liiat tSie name stiould be read " Aristippua/' for which 1 

see no Bt>od rc^on. 
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ence daring his life and that the Christian Giurch which he founded 
endured for five or six centuries after his death, but, until recently, 
little has been known of his ideas. The discovery and publication 
of Theodore baoKonl’s^ account of his system and of some hitherto 
tuiknown works of Ephraim's® have thrown a flood of new light 
upon him and Mr, Mitchell promises lliat his second volume, which 
will appear in the course of a few months, will contain still more 
valuable information. With the aid of this new material one may 
rccc^iie in the Syriac “ Socrates a work certainly of the school 
of Bardaisau. V\Ttethcr it is from his own hand or not is another 
question. 

The accounts of Bardaisan's philosophy which we possess are so 
inconsistent that it is necessary to determine which are and which 
are not trustw'Orthv. The most exended are those of Ephraim, 
Theodore bar^^Koni, Moses bar-Cqiha, Moses the Syrian, the FIhrist, 
and Shahrastani. Of these the first two are the oldest, are in sub¬ 
stantial agreement and probably are derived from the same docu¬ 
ment. That of Moses bar-Cepha is akin to Theodore’s but contains 
Manicbxan elements not found in him \ in the later documents these 
elements become still more pronounced. I think it quite certain that 
these later versions represent the teaching of the Bardiisanian 
Church after it had been for centuries in contact with the closely 
related system of Mani. It is quite possible that the system known 
to Ephraim and Theodore had also been more or less contaminated 
by the same influeuces, having been ejtposed to them for more than 
a hundred years. The “Book of the I,Jiws," w'hich is the oldest 
authentic Bardaisanian document, unfortunately gives no definite in¬ 
formation upon the points of interest. Ephraim and Theodore 
therefore must be regarded as the only trustworthy authorities. 

The “Socrates" represents bodies as composed of four “ele¬ 
ments" or “powers”—earth, wind, fire and water. Bardaisan 
posited five “ powers ” or “ existents," ithye, out of which bodies are 

* Pognon. "Les Coupes Maiidaites," iSgS: Addai Seher, “Corpus Script- 
oruTTi Cbristianiortiiu Orientillum,” Vots- 65-d6, iota. 

« " St. Ephraim’s Prose Refutations of Marcion, Mini and Birdaisait." 
edited from a palinipsest MS. of the Britisli Mtiscuro by C, Mf. Mitcbell. VoL 
L 1912- 

PBDC. AMKa, run., soc.. vol. ivn. a, i4n 
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composed—liglit. wind, water, fire and darkness. The elements of 
the “ Socrates ” are those traditional in Greek philosophy, except 
that the Persian temi wind is suhstiiiited for air , those of Bar* 
daisan are Persian and are identical with those of the Manichaeaiis. 
But Ephraim says C Adv. Haer„” 41. VoU IL, p. 53 ^- Vatican edi¬ 
tion) that Banlaisan regarded darkness as “nothing and capable of 
nothing.” It could not therefore have been in his system, as it was 
in the Persian and Manichaean, the active principle of evil, but was 
rather a mem negation, analogous to the Aristotelian substratum, 
a doctrine which Ephraim repeatedly ascribes to Bardaisan. It may 
he compared to that fifth something rvhich the “Socrates” speaks 
of as “that which was undifferentiated and unknown” or “un¬ 
knowable." although this is not explicitly termed an element. 

According to the "Socrates" the animal soul or life is com¬ 
pounded out of the four eknients; its nature depends upon the 
proportions in which the elements are combined and in particular 
upon the amount of lire present. The animal soul then consists 
of four parts. At least some human souls consist of the animal plus 
the rational soul. The latter has three parts, "Greatness,” 
“ Power," and " Goodness," which are the first three manifesta¬ 
tions of the “ Original Root," a term which in this w-ork is clearly 
equivalent to “God.” Thus the rational soul is divine and those 
human souls which contain it are composed of seven elements or 
parts. Ephraim's statements about Bardaisan's theory of the soul 
have hitherto presented insurmountable difficulties* all of which dis¬ 
appear if he be regarded as criticizing the theory of the *’ Socrates,” 
In one passage {“ Adv. Haer.," 54, Vol. U-. p, SSS> Ephnim says* 
that the soul was “ made of the existents.” The “ cxistents " must 
have been four in number, for darkness or negation, as representing 
unconsdousess, could contribute nothing to soul- Elsewhere, 
(“Second Discourse to Hypatius,” p. S, 5 sqq., Mitchell), he says 
that the soul consists, according to Bardaisan, of seven parts. Ac¬ 
cording to the “ Socrates ” the first of these statements is true of 
the animal soul, the second of the union of the animal with the 
rational soul. Ephraim then describes the dependence of the soul’s 
character upon the proportions of the components precisely as is 
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done in the Socrates/' and a^dduees two arguments against the 
theory. Fii^fc, the souls oi angels and devils are unchangeable, 
whereas this theory makes them changeable. Second, the sun is 
unchangeable. This second objection seems on the surface quite 
irrelevant, and there is nothing in EphrainVs text to indicate why he 
regarded it as an argument against Bardatsan's theory. Turning to 
the Socrates” one finds that the author devotes nearly one fourth 
of ihe dial<:^e to drawing a parallel bet^vecn the changes w^hich 
the soul undergoes during life and those through which the sun 
passes in completing his daily and annual course. 

The “&ocrstc$” uses for '^God" the term Original Root” or 
"That Powder/' The first manifestation of the Root is “Great¬ 
ness” (r^bhmhu), which is probably here equivalent to the Greek 
a term used in geometry for " extension ” and by some 
Gnostics as a designation of God. It is complementary t so to speaks 
to "jEou,” the more common Gnostic term for God, w^hkh means 
"duration,” duration and exicmsion being conceived as the primaiy 
expressions of the divine essence- The relation between this 
"Original Root" and space (af/ird) is conceived in the "Socrates” 
as very intinmte indeed. “That Space” is said in one passage to 
"be” the Root, but more commonly space ts conceived as anterior 
to the Root. Thus w e are told that “ Greatness, Pow er, and Good¬ 
ness” “cannot exist in Place but (only) where they have Space 
tliat they may be kept in righteousness, refined and pure.” And 
again, " Because the Greatness of this Power is vast [Power], there¬ 
fore IS it in the compass of the All and outside the All, and there 
exists no empty Space wherein is nought of it-’' Thus God is placed 
in space, Ephraim repeatedly charges Bardaisan wnth making 
space superior to God and placing God in space, and in one passage 
("Against Hypatius” 1 V% p. 133. r Milchell) he says: "Greater 
are the praises which Bardaisan uttered concerning space than 
those which he uttered concerning the God who is in the midst of 
space.” In another (ibid,, p- 132, 4^): "Therefore the Greatness 
which the Teachings gi%'e to space^ the Teachings of Truth give to 
God.” It is notew^orthy that the name " God ” is sedulously' avoided 
by the author of the "Socrates”; it docs not occur even once. 
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Frdm this mystical theory of the soul's relation to her source 
the ** Socrates"* draws some important practical conclusions* Since 
the rational element is identical in all human souls which possess 
it and since tt is still in organic unioit with their common Koot^ it 
necessarily follows that such souls enjoy a virtual community of 
knowledge. It is by virtue of this community of knowledge that 
truth spoken by one receives the assent of another. ** But you, 
Herosirophus/" says Socrates, “have not come to ask or inquire of 
me aught which is not your own. If it be oI speech that you would 
inquire of nic, it is in you and is yours; if of sight, it is yours; if, 
again, of bearing, it is in you. For no man shall see Good except 
him in w'hom it is and no man speaks speech unless it be implanted 
in him nor hears unless it is in him. That through which tlic eye 
sees and the ear hears and speech speaks, [and] these three which 
appear distributed among sense-organs (lit, parts, i. —their 

Root is one. And all these things which I have said to you. Hero- 
strophus. if you should see them as I do and hear them as I do— 
and you do (lit., such you are 1—the Root is one. And if again 
in another Space you should hear this discourse w'hich you are hear¬ 
ing from me, know that this is the Root of w^hich is no Space empty 
vvherc it is not. For we T,vho abide in the Root are like the branches 
of a tree, some in the cast^ some in the north, some in the south, 
some in the west, but the remainder is One Root."' Ephraim criti¬ 
cizes (“Against Hypatius,"' V,, p, 159, Mitchell) a precisely similar 
doctrine: “According to It one soul has no need of another soul to 
learn or teach . . . because the knowledge of their essence is equal 
If, as they say, the essence of alt souls is one. If Teacher and 
Teaching (pupil?) are from one Root and both are dad tn fiesh 
, , , hoiv docs one go astray and another teach? ... If there is 
recollection in all the Root, there is no error in all the Essence. 
And the sons of this Essence (1. c., those who share in the Essence) 
—how' does one fail and another sticceed? Their essence is not 
the same," Ephraim rarely mentions the name of the author he is 
controverting and in this passage he dcjcs not mention Bardaisan. 
But in these sermons he i^ criticizing only ?^Iarcion, Bardaisan and 
Mani and as there is no reason for ascribing the doctrine in question 
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to either of the other it probably to be referred to Bardaisan# 
And the language and imagery strongly suggest the “ Socrates.” 
The author of the Socrates ” draws from his theory the legitimate 
conclusion that the rational soul only is immortal ; the animal soul 
and the body both perish at death. That Bardaisan denied the 
orthodox doctrine of the resurrection of the body is agreed by all 
our authorities. 

'Die agreement between the co5niolog>^ of the '' Socrates ” and 
that of Bardaisan is not so exact as that subsisting between these 
two groups of psychological theories^ but they present nevertheless 
some notable points of analogy. 

Theodore bar-Koiii describes Bardaisan'a system as follow'S {a 
few additions have been made from Ephraim and Closes bar- 
Cepha): From eternity God and the five elements coexisted in per¬ 
fect peace. God was above all. Darkness beloiv all; in between 
were the other four elements disposed in the same plane—Light 
in the east. Wind in the westp Water in the norths Fire in the south. 
Then the Wind blew by chance and heat upon and agitated the ele¬ 
ments ; a smoke not bom of Fire gathered (Ephraim has: Darkness 
crossed its border upwards). Then God sent an uiterance of 
Thought which arrested the Wind^ and a Wind from on High 
quieted them in part. The confused portion was then separated 
from the others and from it the ^vorld was made. 

According to the Socrates*' there existed from eternity with 
That Power,*" i. e., God, a something which you may call at pleas¬ 
ure soul or fire or nature (^Mcrifi). Since the author has just shown 
at length that soul consists ol the four elements, fire being only the 
chief among thcirip and since he imrnediately proceeds to refer to 
“ the four elements of the powers^” f. the four elementary prop¬ 
erties, as existing, one may infer that the eternal existence of soul 
implies that of the four elements. The scheme is therefore analo¬ 
gous to that of Bardaisan, save that the latter has the Persian term 
Wind instead of the Greek Air* 

The Socrates” proceeds: ”Whcn that Power wished to exist 
(or be) in punty all by himself he therefore commanded that Body 
should become (on corne into being as) the organisation of the 
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whole world. And it was spread (?) by Iiito upon that whkti 
was undivided (or undifferentiated) and unknowTi." The si range 
motive for the construction of the world here ascribed to God—the 
desire to purify himself of soul or matter—occurs, so far as I know'^ 
nowhere else. It is clear from Ephraim's discussions that he knew 
of no motive assigned by Bardaisan. 

In the next stajjc^ according to the Socrates/’ "’by his \Yord 
he agitated her (the soul) and separated her from himself, llien 
all the things which are now^ seen were (or, became) commingled 
one with another without form/" 'The Word or Le^os seems to be 
here represented as the cause of chaos—another strange idea, for 
in the systems influenced by Stoicism it is usually the function of 
the Logos to transform chaots Into the cosmos. Eardaisan*s system 
agrees with the Socrates’" in recognising an origination of chaos 
—which is an unusual trait—^but attrihittes it to chance. Ephraim 
has preserved ('■' Against Hypatius/' III., p. 69, 40 llitchcll) the 
ver>^ words of his source—“.At that very time a cause came to be 
by cbance and the Wind dashed against the Fire/* 

According to Theodore, the Wind is checked by ’*an utterance 
of Thought/* the agitation quieted by a Wind (f. r., wvtiixa) from 
on high, and the portion of the elements which is still confused is 
removed from the others and made into the material universe. 
These steps are not descrihed by the Socrates.'^ They arc oh- 
viouslv derived, as Theodore himself remarks, from the Valentinian. 
Gnosis. 

According to the "Socrates/' '*it was his will that she (soul) 
should be divided and should coin and constitute bodies (pa^gre, L c., 
animate bodies) out of the four elements of the powers and accord¬ 
ing to the number of those seven Governors and Servants of his/' 

*Thc MS. has as the verb an Ethp^l qr Elhpaai from the root 

piq, Accordinpf lo Payise-Sinith, this verb is used only in Fuel and Efhpaa!, 
and in the active tncans ’^make easy," “ eKpotindn" " iransSatc," These ideas 
cannot be fitted into the above context. Ryssel translates and ganz und qor 
frlfiahurt (d A. vflfl frtntdi^n ^tibitanz^n tj.erde ru rtu'os Unthed- 

frarcn Mtid UHrrfcrnnfrcrrfa. 1 have emended it lo read compafe 

Eusebius Thcqphania/ p. 12, Lee, where ihe same verb h used lo describe 
die BClivity of the Logos in the universe—"Throughout the universe he 
spread hitnself, above in the height, below in the deep, himself, iH' 

corporeal, he extended 
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Out may note in parsing that the word here used to denote the 
planets, which I have translated “Governors” is 

used in the same sense in the ” Book of the Laws/’ 

The "Socrates” then, ascribes the organization and constitution 
of the universe to the soul, not to the Logos. Ephraim (" Adv. 
Hacr,/’ III., lines I02-I lO, 1^5-134) rails bitterly against Bardaisan 
for denying the orthodox doctrine that the Logos constructed the 
universe and asserts that he represented Wisdom as acting as God’s 
agent in the work of creation. Thus tlie soul of the "Socrates” 
corresponds to Wisdom in Bardaisan's system. 

The casmology of the " Socrates " resembles, therefore, that of 
Bardaisan in several important features, especially in denying the 
orthodox doctrine of creation out of nothing (the words "create/* 
"creation/* “creature*’ do not occur in it at all) and representing 
the world as made out of eternally existing elements; in rectignizing 
a fifth something. Darkness, which corresponds to the Aristotelian 
First Matter; in describing the origin of chaos; in regarding the 
world-process as essentially the resolution of chaos into cosmos; in 
regarding evil as nothing but the iinreguiated conflict of eternally 
existing and opposed attributes. But the two systems differ in 
other important features, and it is quite certain that the " Socrates ’* 
is not the source from which Ephraim and Theodore drew their 
information about Bardaisan’s cosmology'. 

Postscrif^i .—In view of the uncertainty of accomplishment which 
in these troubled times attaches to all activities not contributing to 
the war, I have decided to add to the above paper a brief statement 
of the conclusions which 1 had reached when it was written but 
withheld in anticipation of the new evidence promised by Mr. 
Mitchell. Limitations of space will permit only brief reference to 
the sources, but those that are interested will have no difficulty in 
verifying them, 

Bardaisan wrote dialogues against Marcion and others (Euseb., 
“Hist.,*’ 1 V„ 30) and many other works, some of whidi may well 
have been dialogues; the “Socrates” U one of these. It is the 
source from which Ephraim drew his knowledge of Bardaisan’s 
theory of soul; it manifests in conspicuous degree the " patience and 


lOS NEWBOLD—THE SVRlAC DIALOGUE " SOCRATES.' 


polite answers to ever^' man” for which Bardaisan'$ disei[»les 
praised him (Philoxenus ap. Curcton, Spkilegtum/^ p. v); its 
cosmology IS closely akin to and in no point inconsistent with that 
of the chief source. 

That the “Oration of Alclito" (Cureton, op. cit., pp. 22-31, 
Syr.) IS also the work of Bardaisan is rendGred extremely probable 
by its close affinity' to both the "Socrates'" and the “Book of the 
The "Socrates*' tcachiK that knowledge of God is implicit 
in every man by virtue of his relation to the '^Original Root-“ In 
the " Oration " a similar doctrine is both stated in general terms 
(e. g., compare “Or." p, 30. 15. with “ S/" p. 161, 16) and di¬ 
rectly applied to the Emperorp e. g. (p. 25, 24) : *'But thou, a free 
intelligence and cognizant of the truth, enter into thyself;" (p. 27+ 
14) ^"^ Kiiow' thyself and thou shalt know Cod;^' (p, 2^, 16) But 
thou, feeble man, within whom He is and without w'hom He is and 
above whom He is.^* Its relation to the “ Book of the Laws ** is 
even closer: with the latter it insists upon the doctrine of free will 
and makes extensive use of material drawm from the histor)' and 
customs of foreign nations in the same curious and characteristic 
way. The Emperor to whom it is addressed is without doubt Cara- 
calla. He was generally knowm during his life as simply " Anto¬ 
ninus*'■ he spent the winter of 21(^17 in Edessa; be wont to 
seek out and consult astrologers, and Bardaisan, who had been an 
intimate friend of the late king Abgar TV., must have been brought 
into touch with lum. The dialogue on Destiny w'hich Bardaisan 
dedicated to hitrip which M. Nau is right in distinguishing from the 
"*Book of the Laws'" (“ Lc Livre des Lois,** pp. 11-12), and the 
“Oration,” were probably both among the results of the personal 
relation thus establishcNi. One may also recognise in some of the 
bold characteriiatiods of the '*Oration*^ leading traits of Cara- 
calla; compare, for example (25, 25), "if they clothe thee in the 
fashion of a woman remember that thou art a man '* with Dio 
Cassius's description of the effeminate appearance which Caracalla 
affected while in the East—his removal of his beard at Antioch 
(Dio, 77, 20) and the liarbaric long-robed costume of his ow'n 
designing which he wwe in Mesopotamia (Dio, 78, 3, 3) ; com- 
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part also (** Orat./^ p 2j^ 26) “Therefore thpu rollest thyself upon 
the ground before demons and shadows and askest vain petitions 
from one that hath nought to give " (and also p. 29, 25) with Dio'^s 
account (77, 15, 5-7) of Caracalta's vain efforts to recover his 
health by assiduous devotion to the gods. 

As regards the bearing of thesE conclusions upon the hypothesis 
Avhich I suggested some years ago C* Bardaisan and the Odes of 
Solomon'* in the Journal of Bibttcol Litcraiiire^ 

“Odes” were written by Bardaisan, I can only say that no infer¬ 
ences can be drawn until the “Odes” have been given much more 
careful study than -they have yet received^ They are certainly 
more deeply tinged with Valentinian ideas than are the above three 
works—‘much niore deeply, indeed, than 1 supposed when I pub¬ 
lished my first study of the problem—and many of them are as yet 
but imperfectly understood. 1 may, however, remark that the ref¬ 
erences to persecution in the “Odes” {e, 5, 8, 29) would be 

perfectly appropriate to the situation above supposed; especially 
would the perplexing allusions of the 29^11 be at last intelligible. 
The boldness of the “Oration" must have inflamed Caracalla's 
savage temper to the highest degree and it was no doubt after its 
delivery that Apollonius, “the friend of Antoninus" (Epiph-t 
“ Haer/^ 56)# demanded of Bardaisan that he renounce his faith, 
and received an uncompromising refusal. Epiphanius says that 
on that occasion Eardaisan very' nearly attained the rank of a con¬ 
fessor. It is probable that he would have attained the still higher 
rank of a martyr if Caracalla had not been assassinated^ April 8, 
217, while making a trip from Edessa to liarran. Compare with 
this situation the language of the 29th Ode: 

4 He hai raised me from the depth of hell 

and from the mouth of death has drawn jnc; 

5 I have brought tow my enemy 

and He hai aeqahted me hy His Evace/. ^ + 

7 He showed me His sia" 

and Euided me by His light: 

He gave me the tckI of His power 

^ that I might subdue the thoughu of the peoples, 
to bring tow the prowess of warriors, 
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g to maltc war hy His word, 
to take victory by His tnight. 

10 The Lord cost do wn my enemy by Hi» word 

and he became like the chaff which the wind carries off. 

Another scrap of evidence, from a quite different source, points 
tn the SEinie direction, Tlie sixth Ode contains n simile which has 
caused no little perplexity: 

^ Fof a sircfam went forth 

and became a river great and broad, 

S For it ovcrw'belmed everything 

and shattered and bronght <lhcm) to the Temple. 

0 x\nd the rtstramls of men could not Testrain it 
nor the arts of them that restrain waters. 

This river, it appears, is the Gospel. But why does the Gospel 
bring its conquests to the “Temple"? Wliat is the “Temple"? 
And why this curiously specific allusion to the hydraulic engineers? 
In the Edessctie Chronicle one finds a contemporary account of a 
flood which devastated Edessa A-D. 201 (BO, 1 ., 390 - 90 * 
spring within the palace grounds overflowed and inundated the 
palace. " WTiile the wise men were thinking what they should do 
to the flood of water which was increasing” a heavy rain came on 
during the night, the river Daisao overflowed its banks and formed 
a deep lake which finally overtopped the west wall of the city and 
poured over the hattiements. King .Abgar ordered the sluicfrifates 
to be opened, but it was too bte^the wall collapsed, the flood 
destroyed the palace “and the waters swept away everything before 
thent, the fair and beautiful buildings of the city, everything near 
the river southward and northward, and they also made an on* 
sbught on the temple of the congregation of the Christians," Un¬ 
fortunately the word used' does not indicate the amount of damage 
to the “temple" of the Christians, but from the very fact of its 
ambiguity, following as it does unambiguous words, and from the 
order of the narrative one may infer that the damage fell short of 
complete destruction. Manifestly, this is precisely the situation 
depicted in the Ode—the building used by the Christians of Edessa 

rTLay signify any amaunt of injury from a mere ailack upon to 
total dcstructiun. 
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for their worship was popularly known as their temple/* a great 
flood which hydraulic engineers had striven in vain to control car¬ 
ried masses of dehris up to the doors of that temple. The poet 
lakes ihe catastrophe, in which more than two thousand persons 
perished, as a symbol of the triumphal progress of the Gospel which 
sw'eeps through the w’orld, overcomiug all obstacles^ and brings Its 

captives into the Church. 
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biochemical studies of the pitcher liquor of 

NEPENTHES, 

Bv JOSEPH SAMUEL HEPBURK. A.M., M S., Ph D. 

(Ecad April 14, 

As llie pitcher of Nepenthes gradually develops, a liquor iS 
secreted and occupies the lower ponton of its cavity^ After the 
operculum, or lid, has opened^ insects are attracted by the nectar 
which is secreted by glands. The ncclar glands are found on the 
outer surface of the pitcher^ more abundantly on the inner surface of 
the lid, and on the inner edge of the corrugated rim that surrounds 
the margin of the pitcher. The insects^ thus attracted^ are tempted 
down into the pitcher^, and pass to a richly glandular ^one with a 
sniooth surface—the so-callcd detcntivc surface—on which they lose 
their footingp and are precipitated into the liquon The insects are 
then digested by the liqngr. 

Two theories exist as to the manner in which digestion occurs; 
each theory is supported by cxpcrtniental evidence. Hooker/ Tait/ 
von Gorup and Willp'^ Vines * Goebel/ Clautrian/ and Fenner- con¬ 
cluded from their researches that the digestion is due to an ern^yme 

1 Hooker, NQiure, 1874, X., 366^37^^ Report oi the Forty-fourth Meetiitg 
of the British .Association for the Advancement of Sdence, 1^4; Note^ and 
Abstracta of Miseeilaneous Communirations to the Sections, 1875. pp, toa-inS. 

sTait, Nature, 1B75, Xll., 251-252^ 

^von Gomp and Will dtr pkipAkalisuk-medimtiscktH 

Sacieidt ru Erhngenf. 1875-^, VIIL^ Ber^ der dtut. cheui, GcielLt^ 

1B76. JX., 67J-678, 

* Vines, JL of Unnean BetoKy^ 1877. XV., 4^-431- $f 

Betony, 1897. Nl„ 363-5^: 18#. XIL. SASSSS: lO"*. XV,, 5*3-573. 

^Cjoebel, Bfianjenbiohgisthe Schddiruitgen^ 1893, 11., 186-193. 

* Dautriau, SUmvirj eourenni^ at autrej Pii^mi7im,puhlieaparrAcademic 
Ro^'ale des Sdenees, dcs Lettres et dc? Beaux Arta de Belgique, CpUcctlon 
itt 8\ i^i9«V hlX. third mempir, ^ pages. 

^ Fenner, Fhra oder aUgrmeiHe batanUcht Zf itung, i^km, XCltt^ 355- 
434 (tslMJcially pp. 358-3*3)* 
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present in the pitcher liquor. On the other hand, Dubojs^ and 
Tischutkm* concluded from their esperimcnis that the digestion is 
due to the activity of rtiicroorganisms^ A third factor to be con¬ 
sidered is the autolysi^ produced by the tissue enzymes of the cap¬ 
tured insects. 

In the present research^ the proteolytic enzyme of the pitcher 
Hquor and the bacteria, which occur in opened pitcherSp have been 
studied separately. The following species and hybrids of N^epen- 
thes supplied material for the research: ompuHaria, a^rosangumm^ 
Chehoniit Claytomi^ Doiiiiiin^ Dyerian^, Hamitioniana^ Hen- 

ryam^ Hookenam, Maslersiatta, imxtOr^ Morganiam^ paradis^^ 
Rafflesidfia paHida, rufesc^ns, spi^ndtdaf IViUi^L The plants were 
grown in the Nepenthes House of the University of Pennsylvania. 

PaOTEASE OF THE PiTCHER LlQUOR. 

In the study of the protease of the pitcher liquoTp pitchers w ere 
always selected prior to opening. They were closely watched and 
the mouth of each pitcher was closed with absorbent cotton as soon 
as the lid opened; the entrance of insects w^as thereby prevented, 
and possible contamination of the pitcher liquor by the tissue en¬ 
zymes of the digested pre^" was entirely excluded. The digestion 
experiments with the pitcher liquor w-crc made in vitro in the pres¬ 
ence of a bactericide j bacterial action was thereby excluded. The 
proteolysis, which was obsen'cd^ was. thereforCp due to enzyme 
action. 

Liquor from both non-stimulated and stimulated pitchers was 
studied. The experiments on liquor from non-stimubted pitchers 
were carried out as soon as possible after the opening of the pitchers. 

When liquor from stiniubted pitchers was desired, recourse 
was had to mechanical stimulation by chemically inert substances. 
In some experiments^ the glands of the inner wall of the pitcher 
were stroked repeatedly with a camel's hair bnishp and the cotton 
plug was then inserted in the mouth of the pitcher; the liquor was 
removed for study on the foUowmg day. In other experimentSp 
several round soHd glass beads* such as are used in fractionating 

■ EktbaLs, rfjtd. rfr rfcf Sdfmees, iUfja, CXLp sii-ji?. 

■Tisdittlkin, Crniraibhfi, 185s, L., 3a4-j05, 
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columitj, were inserted itilo the newly opened pitcher; the cotton 
plug was introduced, and the pitcher and its contents were shaken 
thoroughly at intervals during one or more days, taking care not to 
wet the cotton and thereby lose liquor; the liquor was finally re¬ 
moved and used in digestion experiments. 

The voluiTie of liquor secreted by a single pitcher was always 
so small that liquor could not be obtained from the same pitcher 
both before and after stimulation. Since two pitchers rarely ma¬ 
tured on the same plant at the same time, it was impossible to make 
a comparative study of the liquor from both non-stimiilated and 
stimulated pitchers of the same plant. While the differences, due 
to individual plants, could not be entirely eliminated, the problem 
was attacked by several methods for the study of proteolysis, and 
a number of experimetus were conducted according to each method; 
the results obtained by all the methods lead to the same general 
conclusiot^s. 

Either sodium fluoride of trikrcsol was used as a bactericide in 
all the e.xpertinents reported below. When sodium fluoride was 
used, sufficient solid fluoride was added to the mixture of pitcher 
liquor and substrate to render the final concentration of sodium 
fluoride one per cent. W'hen irikrcsol was used, a sufficient volume 
of a two per cent, aqueous solution of trikresol was added to render 
the final concentration of trikresol 0,2 per cent.”a concentration 
which was found satisfactory by Graves and Kober*^ in certain of 
their experiments with proteases. Whenever the mixture of pitcher 
liquor and substrate was diluted to a definite volume, the trtkrespl 
solution was added before the dilution to the final volume was made. 

Unless otherwise stated, the temperature of incubation was 

37“ C. . . , 

In each experiment, a blank or control expenment was earned 

out with pitcher liquor which had previously been boiled, then 
cooled to the temjwrature of the room; the control experiment was 
carried out in exactly the same ttumner, in all other respects, as the 
determination projKr, 'ITie control was always compared with the 
determination proper; and due allowance was thus niade for the 

t*Graves wid Kolwr, ii. Am, Chtm. Jar., 1914* XXXVL. jgi-?;®. 
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possible acli&n ot any thermostabk present in the pitcher 

Hinuor, and also for any action of the reagents on each other* 

Tlic following reactions lor the detection of a protease were 
used: 

I* The formol-titration of Sorensen. 

2, The digestion of: 

(a) Carmine hbrJn. 

( 5 ) Edes^an. 

(f) protean of castor bean globulin. 

(if) Ricin (Jacoby), 

The cleavage of glycyltryptophane* 

FoftMOL-TlTkATtOJ^. 

Composite samples of liquor, obtained from several pitcherSi 
were used, a different sample for each experiment. The Indicator 
was phenolphthalein. 

TABLE 1 . 


FOMtoL-TlTlATIOK APTES DjiStSTlOK. 
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vf 

ItH. 
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D .05 
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4 
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NaOH 
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0.3S 

13. S 

37-5 

4 

OrOO c-c. o.[ N 
NiOH 


Witte peptfsitr.. . 

*,35 

13.S 

37 S 

4 i 

1 0,03 tc. CM ,V 
^ XhOH 

Sdmulftced riieheri- 

, Ovalbumen.... 

OvOS 


iS-a 

1 

3 ' 

o,iS lit q.os y 
NmOM 


Pibriii.. *.. * i ** 
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1J,0 

ISO 1 

M 

q^s cjc. 0.1 jV 
NdOH 


OvotntXtfM 4 + * * 

a ,05 

ss 

IS^S ’ 

6 

O 4 IO CAT. 3.1 JV 

NaOH 
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o.iS 

(5-b 

1 

3 

3.30 o.t iV 

NfiOH 


WiUe peptoM. . 
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»5-0 

50.6 1 

i 

^ 1 

4 . 7 s cc. 0.1 N 
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* Actordmg lo Gotwhlkb (Kolle und Wia^icrmanUi Handbiich dcr 
pikhogcnen Mikroorgaiilimen, 2 Auflage* 1513 * I., ifls), Nihritoff Heyden U 
a muetiirc of difTerent allnimosc^. 
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In the first scries of experiments, reported in detail in Table 1 .. 
the pitcher liquor was permitted to act on a given substrate for tbe 
time stated* Undissolvcd protein was then removed by filtration, 
and was washed on the filter; the combined filtrate and wash¬ 
ings were made neutral in reaction. Any precipitated metaproteio 
was separated by filtration, and was washed on the filter; the com' 
bined filtrate and washings were ncHtraltzed, if necessary. One 
half their volume of a neutral, 40 per cent, formaldehyde solution 
was then added, and the carboxyl groups of the amino aetds W'ere 
immediately titrated with standard sodium hydroxide solution. It 
should be noted that no add was added in the digestion experiments 
of Table 1 , 

A second series of experiments was carried out with edestan as 
the substrate; in tlicse experiments, the hydrochloric add, which 
was used to convert edestin into edestan, was present in the solu¬ 
tion during the digestion. The details are given in Table 11 . 


TABLE II. 

FeniOL-Ti-ntATicN after DiCESTioS of EdsstaM, 



Vdlumf 

of 

Etbscliiu 

of a^w 2 V 

Hvdio- 

Afd. 

1 il.c. 

TotJ 

VolltSi* Voaiime 
□r 1 of Pi- 

CvO- UIltUTC. 
CiL 

Fcfiod 
of IlKU- 
InitioH,. 
pKyi. 

Fonnol Ti- 
imkw ofEtf 

P^dt^cItA 
of tfiitik, 

C C. 0,1 ,V 
XnOH. 

Xon-itimiiklc^ pEicherft.. .... 

Stimulated pitefam- — ■ *-- 

11.5 i 

f.u i 

P.iOO 

; 0.03* 

' o.<>so 

j IS-O 
S-4 

1 7-S 

1 23.5 50* 

1 ii.A 2$r1> 

1 tT.5 ' 35.0 1 

28 

21 

35 

D.DD 

□.©0 

□.90 


In both scries of experiments the liquor from siiHiif/iiled pitchers 
invariably digested the substrate, liberating compounds which were 
of tbe nature of amino acids, and responded to the forinol-titration. 
The liquor from ni>tt-stmti!tited pitchers did not digest tbe substrate 
with the production of such compounds, for the formol-titration 
invariably was zero. 

Digestion or Cabmine FtawM, 

Two sets of esperiments were made using carmine fibrin as the 
substrate. In both series, the temperature of incubation was that 
of the room. The liquor from a separate pitcher was used in each 
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<r.xp4jrimcnt, save in those indicated by an asterisk (*) in the tabu- 
iated results. In the latter experimentSp coRTposite samples of 
liquor, obtained from several pitcherSp were used. 

In the preliminary experiments, the carmine fibrin was swollen 
in a solution containing 0.2 per cent, hydrochloric add and 0.2 per 
cent: trikresoL A definite volume of the resulting jelly was placed 
in a given vcliimc of pitcher liquor i and sufficient hydrocdiloric acid 
(0.6 per cent, solution) and trikresol (2 per cent, solution) were 
added to produce a concenlration of 0-2 per cent, of each of these 
reagents. The time required for solution of the substrate and 
other details of each experiment are given in Table III. 


TABLE 111 . 

Dicestion or GcLAnxots Carmine Ftnwtff mv Pitcher Ligucw in TUfc 
Pr£Sence of aa Pet Cent. Hydrochijdiuc Ac£&, 


1 Vcihin* 4 f 
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VdfmH irf 
CiiTmimc Fibrin 
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Lb 
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1 

13 


Q.2^ 

u 1 
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a.io 


13 

V 4 -^ 

OrSO 

IS 

S 4 

1 4.D0 


4 ft 

J 44 

1 *+ 7 S 

O.JS 


26 


In ihc final series of experiments, 0.2 gram qf carmine fibrin 
was weighed out into a separate tube for each experiment. This 
series falls into three grotips. In group the carmine fibrin was 
swollen in its tube in a solution containing 0.2 per cent, hydrochloric 
acid and 0.2 per cent, trihresol. then was transfcircd to another 
tube and immediately used in a digestion experiment. In groups 
B and C unswollcn (armitie fibrin was used. No hydrochloric acid 
was used in group B; in the other two groups, sufficient 0.6 per 
cent, hydrochloric acid tvas added to render the final concentration 
of that acid O.^ per cent. Triltresol was used as a bactericide in all 
three groups, adding sufficient of its 2 per cent, aqueous solution to 
produce a final concentration of 0.2 per cent. Tlie details of these 
cxpcriinents arc recorded in Table IV, 

noc. juuait. PPiL. s«., voi. LVii, I, JuTtB 14. iffis. 
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TABLE IV, 

Tike REguihCn DictsTicH of ojz Geak of CMtMiNE Fibiun 
BY THE Pitched Liquoil 
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Substiaifi absoliitdy 
UnattnckiiMl ^tcT in- 
culiatkia for ?0 d^ys 


TJJne requiml for 
IB^rfced digestion of 
iUtMtmLc 

]6 houra 


Swollen carmEne 
fibrin and 
hydroctkJoric add 


Unawollen carmino 
fibiin; on hydro- 
cfalorie add 


UfiAwoUcn carmLTM! 
Hbcin and 0.1% 
ti^'droddojic add 


The results of both series of experiments (Tables IIL and IV,) 
demonstrate that the liquor from both non-siimiilated and stimu¬ 
lated pitchers dissolved carmine fibrin tn the presence of 0.2 per 
cent, hydrochloric acid, and that liquor irom noii-stimulatcd pitchers 
had absolutely no digestive action on that substrate in the absence 
of that acid. 

Dk^estiox of Eoestan. 

The solution of edestan was prepared by dissolving OA gram of 
edestin in 15 c.c, of o.i N hydrodiloric addp previously diluted with 
WTitcr to a volume of 25 c,c. The detaib of the various experi¬ 
ments arc given in Table V. After incubation of the mixture of 
pitcher liquor and edestan solution, it was rendered neutral to phe- 
nolphthalcin by addition of 0.1 sodium hydroxide solution. 

In the experiments with liquor from stimulated pitchers, no 
precipitate formed in the determination proper on neutraliaation, 
showing that the digestion of the protean edestan had advanced 
beyond the metaprotein stage. In the experiments \vith liquor 
from non-stimulatcd pitchers, a precipitate always formed in the 
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determination proper, but it always was decidedly less voluminous 
than the precipitate in the corresponding control experiment: there¬ 
fore digestion of the substrate had occurred, though less rapidly 
than rvhen liquor from stimulated pitchers was used. 

TABLE V. 


DicEsnoK OP EorsTAN av the Pitches LtQUaa. 


Uqwr fPQiH 
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s 
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\^nk 

Stimulated pitchtrs- 1 +»+ > ■ 

20 

as 

5 

SO 

14 
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1 


a 

J 
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Digestion of the Pkoteax of Castor Bean Gt-OBtfLix- 

A 2 per cent, solution of castor bean globulin in 5 per cent, 
sodium chloride solution was used. This solution was filtered, if 
necessary, then mixed with the pitcher liquor; 0.1 N hydrochloric 
acid was next added; a cloudy precipitate of the protean derived 
from the globulin formed. The presence in the pitcher liquor of 
a proteolytic enayme, active in the presence of hydrochloric acid, 
was shown by the digestion or solution of the protean, the cloudy 
precipitate gradually becoming less dense, and Anally disappearing 
completely. Liquor from a separate pitcher was used in each ex¬ 
periment : the details are recorded in Table VL The protean was 
usually dissolved bv the liquor from both non-stimulatcd and stimu¬ 
lated pitchers. 

Digestion of Jacoby's Ricin. 

TItc reagent was prepared by dissolving 1 gram of Jacoby’s 
ricin and 1.5 grams of sodium chloride in loo c.c. of water, and 
filtering, if necessary. The test was carried out by mixing i c.c. 
of pitcher liquor and 3 c.c. of rtetn solution, adding i c,c. of 0.56 
per cent, hydrochloric acid, then inciibating, A cloudy precipitate 














120 


HEPBURN-BIOCHEPICAL STUDIES OF 


TABLE VL 


Dicestos of the, P*OTtMC OF Castoh Beak Gloovlin by the Pitched Licscoil 
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. of protean, derived from the ricin, scparaicd on the addition of the 
acid. By the action of a protease, this precipitate vvas gradually 
digested or dissolved. 

In one experiment, liquor from a jii)n-stimuiati:^d pitcher was 
used; the cloudy precipitate was partially dissolved in two days, but 
had not entirely disappeared at the end of seven days. In another 
experiment, liquor from a j/iifiidnfcd pitcher was used, the cloudy 
precipitate was markedly digested in two days. There Fore p liquor 
from both non-stimulated and stimulated pitchers exerted a pro¬ 
teolytic action on the protean. 


Cleavact^ OF Glycvltryptophake. 

Liquor from stimulated pitchers was permitted to act on glycyl- 
tryptophane in the presence of toluene as a bactericide; lo c.c of 
pitcher liquor and 2 c.c. of an aqcous solution of the dipeptide (so- 
called Ferment diagnosticum) Avero used. In one experiment^ 
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cleavage of the dipqptidc had not occurred after digestion for nine 
days in the incubator. In a second experiment, after digestion for 
twenty-one days in the incubator, followed by seven days in the 
room, a distinctly positive reaction for free tryptophane was ob¬ 
tained by the bromine and acetic acid test. Hence, liquor from 
stimulated pitchers apparently hydrolyzed glycyltryptophane, pro¬ 
vided the period of incubation was suHiciently long. 

BAcreatA of the Pitcher Liquor. 

The bacteriological study was made in collaboration with E. 
Quintard St- John. Unopened and opened pitchers were studied 
separately. 

Unopened Pitchers.—Sierik ^issors were used in cutting the 
plant tissues. Tlie prolonged midrib or tendril, w'hich carries the 
pitcher, was severed; the lop portion of the pitcher was rapidly 
passed through the flame and was immediately cut olT, The cut 
edge of the pitcher was then flamed rapidly; and the liquor was 
withdrawn at once with a sterile pipette, and plated on plain nu¬ 
trient agar. After incubation for four days at 3?" C., the plates 
were examined for bacterial grow'th. 

Twelve pitchers were studied in this manner, the liquor from 
each pitcher being plated separately. Colonies invariably failed to 
develop on the plates; hence the liquor in unopened pitchers was 
sterile. 

Opened Pitchers ,—Partly opened pitchers, which had not been 
invaded by in.sects, were used in two experiments. The liquor 
from each of these pitchers contained a goodly number of bacteria 
which grew on plain nutrient agar at 37 

All the other cxpcruneiits were conducted on liquor from open, 
active pitchers in which insect remains were present. 

Totat Count .—^VVilb each of five pitchers, several successive di¬ 
lutions of the liquor were sown on plain nutrient agar, and the 
plates were incubated at 37^ C for four days; the colonies were 
then counted. The'number of bacteria per c,c. of pitcher liquor 
was as low as 48,000 in one pitcher, and as high as 8,000,000 in 
another pitcher; the other pitchers gave values: 430,000, 1,200,00a 
and 1,900,000, respectively. 
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Scv'eral of the colonies were studied separately (a) by stained 
smears^ and (t) hy transfers to lactose bile salt broth. All the 
microorganisms were rod-likCp and a few of them cemtained spores; 
none of the transfers developed gas; therefore it may be concluded 
that members of the family Bacttrmce^, other than the colon- 
aerogenes group were present. 

'Ilie liq^uor in an old pilcherp which was becoming browm at the 
top, gave a count of 104^000 bacteria per c.c. 

Liqjtcfactwn 0/ The liquor from each of two pitchers 

was sown on nutrient gelatin; the bacteria grevv and completely 
liquefied the gelatin in forty-eight hours. 

Tests for ihe Colon-a^ogenes Group .—In two experimentSp i 
C.c. of liquor from a single pitcher was sown in lactose bile salt 
bouillon: on incubation at 37* C., gas develojicd within seventy-two 
hoursp showing the presence of organisms of this group. A com¬ 
posite sample of liquor, collected from several pitcherSp was sown 
in this medium in several successive ddutionSp the greatest dilution 
being I: lOpOOO; gas developed in even the greatest dilution wiihin 
seventy-two hoursp therefore at least lo.ooo organisms of the colon- 
aerogenes group Avere present in each c.c, of the liquor. 

Certain special media were used in the study of the power of 
the bacteria to digest proteinSp and to decompose simple compounds 
containing carbon and nitrogen. In the preparation of these media^ 
the directions of Crabtll and Reed” were followed with modifica¬ 
tions. A stock solution of inorganic salts, containing magneiium, 
ferrous, potassiump chloride, sulphatep and phosphate ion.s, was 
prepared as directed by these authors, and was used in the media. 

The liquor from each pitcher Avas studied separately in ah the 
experiments descriljed below\ The temperature of incubation aass 
always 37^ C. 

Producthn of Tryptophane and hidoi from Protem. —Protein, 
obtained from aleuronat, gave a purple color with glyoxylic acid 
and sulphuric acid, and there lore contained a tr) ptophane group. A 
medium., containing 04 gram protein, 20 c.c-. o.i N sodium hy¬ 
droxide solution, and So c.c. of the slock solution of inorganic salts, 
was prepared and sterilized. One c.c. of pitcher liquor was soAvn 

^iCrabill and Reed, BhU, 1515, I V.. 30-44, 
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in 10 C-C. of the sterile suspension of protein. In one series of eight 
experiments, indol had not been produced after incubation for ten 
days. In another series of eight experiments, neither free trypto¬ 
phane nor Indol was present after incubation for twelve days. 

Digalion af Proteins by the Baclma,—Tb& proteins used were: 
casein, egg albumen, unswoUen carmine fibrin, edestin, rlcin (Ja¬ 
coby), protein (prepared from aleuronat). The media were pre¬ 
pared by addition of 2 per cent, of agar and approximately i per 
cent, of owe of the proteins to the stock solution of inorganic salts, 
and were then sterilized. The proteins, therefore, served as the 
sole source of carbon and nitrogen for the bacteria* These media 
wore used in plating e.vperimeuts, sowing i c.c. of pitcher liquor 
in each plate* WTienever proteolytic bacteria were present in the 
pitcher liquor, their colonics gradually digested and dissolved the 
suspended particles of protein over which they grew. The plates 
were examined at intervals until drying of the media rendered 
further observation useless. The bacteria grew and colonies de¬ 
veloped on the vast majority of the plates, as may be seen by refer¬ 
ence to Table VII*. which gives ceruin details of these experiments* 


TABLE VII. 

DifiESTioif OF PWJTCIS Mmia iy Bactejua, Prcsest tx LiflUOS 
OF OPEK PiTCKEAS. 
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The suspended egg albumen was not even partially digested; possi¬ 
bly this was due to the presence of non-coagulable oTOmucoid, and 
its utilization by the bacteria as a source of carbon and nitrogen. 
The other suspended proteins were gradually digested, the digestion 
becoming more marked as the period of incubation increased; how¬ 
ever, complete digestion and disappearance of the suspended parti¬ 
cles had never occurred by the end of this period. 
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Sufficient liquor was not always obtained from a single pitcher 
to permit plating on all six media. Howeverp a general tcndertcy 
was noted that* when the microorganisms present in the pitcher 
liquor grew on one of these niediap they grew on all the media, and 
usually exerted a visible digestive action on all the proteins. 

Production of Bask Compounds .—A study was also made of 
the formation of basic compounds by the action of the micro¬ 
organisms on simple organic compotinds, which served as the sole 
source of carbon and nitrogen in the medium. The solid media 
ivere prepared by addition to the stock solution of inorganic salts 
of 2 per cent, of agar^ 0.5 per cent, by volume of a 2 per cent, 
solution of rosolic acid in 60 per cent, alcohol, and i?Hr of the fol- 
loAving compounds: glycocoll (an ammo acid)^ acetamide (an acid 
amide)* asparagin (which is both an amino acid and an acid amide) ^ 
ammonium lactate (an ammonium salt of an organic acid). One 
per cent, of asparagin was used, the other compounds in molecular 
concentration equal to that of the asparagln. These media were 
ahvays stcriliiced by the discontinuous method. Placing experi¬ 
ments were made* sowing 1 cx. of pitcher liquor in each plate. The 
production of basic compounds by microorganisms growing on these 
media was indicated by a red color of the medium beneath and 
surrounding the colony. Sterile plates w’^ere always poured as con¬ 
trols, to be used in determining the changes in color of the experi¬ 
ments proper. 

The number of experiments plated on each of these media was; 

Glycocoll roaolk acid agar.,,.,,.,,.....,,,, 7 cxpcninents. 

Acetamide rosolic aetd agar.,. ^ ^^,,,. ^, 7 experiments. 


Asparagici rosolic acid agar., experiments. 
Aninionlum lactate rosolic acid aga-r.,.,.7 experiment. 


The period of incubation was from ten days to a fortnight* the 
plates being inspected at intervals until further observation was 
rendered useless b3^ dr^-ing of the media. Colonies developed in all 
save one of the experiments, the sole exception being a plate of 
glycocoll rosolic aetd agar. The colonies were usually apparent by 
the third day: though, in a few instances, they grew so slowly that 
they became apparent only at the tenth day. The organisms always 
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produced an alkaline reaction, i. e.^ a reddening of the medium. 
This red coloration gradually spread- from the colonies as centers 
over the entire plate, and was quite marked, as a general rule, by 
the third or fifth day. In those experiments in which colonics 
developed but slowly, the red coloration was noted by the tenth day. 
Hence the microorganisms produced basic compounds from the 
substrates. During the last portion of the period of observation, 
from the tenth to the fourteenth day of incubation, ofttimes the 
medium changed in reaction and became acid to rqsolic acid, never¬ 
theless the colonies themselves remained alhaline. 

Included in the above experiments was a group in which the 
liquor from each of seven pitchers was plated on all four rosolic 
acid agars—glycocoll- acetamide, asparagin, and ammonium lactate- 
The bacteria grew* and produced an alkaline reaction at about the 
same rate in all four media. In these experiments, a record w-as 
also kept of the odor of the cultures; quite frequently the plates 
w'cre characterized on the third day by an odor recalling that of 
ammonia or amines; this odor was rarely present on the tenth day. 

Hence the microorganisms were ahlc to utilize glycocoll, aceta¬ 
mide, asparagin, and ammonium lactate, which formed their sole 
source of carbon and nitrogen, and were able to produce basic 
nitrogenous compounds from these substrates. 

GeXERAL SUMUABV. 

The foltowdng conclusions are based on the chemical studies; 

Using the forHiel-titraiion, it was found that liquor from iion- 
stiinulated pitchers lacked proteolytic power, while liquor from 
stimulated pitchers produced proteolysis of a number of substrates: 
ovalbumen, fibrin, ovomucoid, Nahrstoff Heyden, and Witte pep¬ 
tone, In the presence of very dilute hydrochloric acid, edestan 
was digested by liquor from stimulated pitchers, but not by that 
from non-stimulated pitchers. 

Carvtinp fibrin was not dissolved by liquor from non-stimulated 
pitchers in the absence of acid, but was digested and dissolved hy 
the liquor from both n on-stimulated and stimulated pitchers when 
0.2 per cent, of hydrochloric acid was present in the reaction 
mixture. 
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Edcjton was digested by the pitcher liquor in the presence of 
very dilute hydrochloric acid; liquor from stimulated pitchers pr^ 
duced a more rapid digestion than did liquor from non-stimulatcd 

pitchers. ^ , n 

Liquor from both nomstimulaled and stimulated pitchers usually 

dissolved the l>rotca» of castor bean ghbtdin in the presence of very 

dilute hydrochloric acicL 

Jacoby's ricitt was dissolved by liquor from both noii-stimulated 
and stimulated pitchers in the presence of very dilute hydrochloric 

Sick'd. 

Liquor from stimulated pitchers apparently produced cleavage 
of gtycyUryl>tophatte, when the period of iuctibation was sufficiently 

'^"^Liquor from tw»-slimulatcd pitchers exerted proteolytic action 
only in the presence of acid, failing to produce proteolysis in the 
absence of acid. 

Liquor from slimnlatcd pitchers exerted proteolytic action m 

both the presence and the absence of acid. 

The manner in which stimulation causes the pitcher liquor to 
acquire acthc proteolytic pK>wer is a field for further research. 
Stimulation may produce a change in the hydrogen ion concentra¬ 
tion’" and thus render the reaction favorable for the activity of a 
protease already present in the pitcher liquor; or it may cause the 
activation of a zymogen already present; or it may give rise to an 
Increased secretion of protease by the glands of the pitcher. 

In the presence of acid, certain substrates—especially edestan— 
were digested by liquor from stimulated pitchers more rapidly than 
hy^ liquor from non-stimulated pitchers. 

The following conclusions are drawn from the bacteriological 

studies: 

Liquor taken asejjtically from unopened pitchers was sterile. 

r* Since this paper was presetiled. sn abstract of a monOETaph by Jenny 
Hem pci ent itled " Bidras til Kundskaben om Succulentemes Fyiicdoal" 
fCepenhagen. H. HaEcmp, ipib, has appeared in Physi<Jhgici>l Ab- 

Ipi7. II.. 146 (issued •" ’ 5 17). The following quotation Is taken 

(rom this abstract. “The sap of the stimulated pitcher of Ncptnlhet gives 
values lor the hydrogen ioti concentration greater than ur’. hut unstSmulated 
pitchers give no definite value." 
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A goodly number of bacteria wer^ present in the liquor of 
pitchers which had partly openedp but had not yet been invaded by 
insects. 

The bacterial content of the liquor of open active pitchers, which 
contained insect remains, was quite high—from 48,000 to 8,ocx?,000 
per c.c. of liquor; the organisms were rods. These bacteria lique¬ 
fied gelatiiip and formed colonies on solid media {agar) in which the 
sole source of carbon and nitrogen was cither a protein or a simple 
organic compound. They usually digested the protein (casein, egg 
albumen, carmine fibrin, edeatin, Jacoby's ricinp protein from aku- 
ronat), but at an exceedingly slow rate. ITiey decomposed the 
simple nitrogenous organic compounds (glycocolh acetamide* as- 
paragtii, ammonium lactate), frequently producing an odor like that 
of ammonia and amineSp and always imparting an alkaline reaction 
to the medium; this reaction subsequently changed to acid in some 
experiments, but the colonies always remained alkaline. The bac¬ 
teria did not produce cither tryptophane or indol from aleuronat 
protciUp when sown on a medium in tvhich the latter was the sole 
source of carbon and nitr<^en. Organisms of the colon-aerogencs 
group were present: on the average, each c.c. of pitcher liquor con¬ 
tained iOhOOO organisms of this group. 

The chemical and bacteriological studies taken together lead to 
these conclusions. 

The protease of the pitcher Hqtxor is the chief factor in the diges¬ 
tion of the insects in the pitcher. The bacteria, which occur in the 
liquor of Opened pitchers* play merely a secondary part, a$ is shown 
by the slowmess with which they digested proteins. 

The bacteria and the Nep^nihes plant live in symbiosis; the bac¬ 
teria obtain their food from the digested insects and assist* to a 
limited extent, in the digestion of the insects. 

The tissue enzymes of the insects, of course, may assist in the 
digestion by causing the insects^ tissues to undergo autolysjs. 

Note on the Biochemistrv of the Pitcher Liquor of 
Sarracexia. 

Ooselv related to the family Nep^nthaceit^ with its single 
genus Nepenthes, is the family Sarraccmaceir, consisting of three 
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genera: Sarrace»ia. Dartingtonia, and Hdiavtpiiora.^'^ The follow- 
L were mde m. the pilehers oi two speeies of 5.-ro- 

1 °”®- ' 
and the author, and ace mentioned in ihia place, since they indicate 
that the diiestiee action in the pichem of Jorrorenio i. likewtse dne 
to a pTOteolytic enzyme. 

Liquor was obtained from unopened pUchers of SorraceHia 
flava, growing in their native habitats and was used in test-tube ex¬ 
periments. Tlie liquor digested edestan in the presence of very 
dilute (less than 0-i per cent.) hydrochloric acid, and rapidly di¬ 
gested carmine fibrin^wdUen or unswollen—in the presence of 
0.2 per cent, hydrochloric acid, 0.2 per cent, of tnkrcsol being used 
as a bactericide. Liquor was also obtained from open pitchers; it 
had been diluted by rain water, but rapidly digested camiine fibnn 
in the presence of hydrochloric acid and trikresol. the concentration 

of these reagents being that just stated. ... u 

By means of culture experiments, it was determined that the 
contents of unopened pitchers of SafTorciim and Sarrareiim 

,„.Hor {Sarracenia v^riclarh) were bacteriologically stenle. 

The contents of opened pitchers of these spec.es. which con¬ 
tained insect remains,, were also studied bacteriologically. The test 
for the liquefaction of gelatin was conducted as directed by Rivas;» 
the medium was liquefied; and both motile and non-moide rod-like 
tnicroorganisms were recovered from the resulting cultures. The 
contents of these pitchers were also plated on certain ot the special 
agar media described in the preceding pages. The bacteria grew 
on casein agar and on protein (from aleuronat) agar, and digested 
these proteins, but at an exceedingly slow rate. The bacteria also 
grew on the various rosolic acid agars—glycocoll, acetamide, as- 
paragin and ammonium lactate-changing the reaction of the me¬ 
dium to alkaline, and producing an odor of ammonia or of bases; 
on prolonged incubation the reaction changed to acid. Organisms 
of the coton-aerogenes group were found to be present by their 
reaction with lactose bile salt bouillon. 

w Macfarlane. Engier * Pflanittireich, if)o8: IV., no, SarrscenLicea:, 34 
Heft: and IV., m, Ncpmtliace*. Heft. 

1* Rivas, Ji. -'Ird. J5>o8, L.. lf|9=-lf»5- 


THE PITCHER LIQUOR OF NEPENTHES. 


129 


These experiments indicate that in S&rruci!nm, as in N^epenthe^, 
the protease of the pitcher liquor plays the leading role in the 
digestion of the captured insects. The bacteria of the pitcher liquor 
have merely a minor role; they live in symbiosis with the 5^0JTa- 
c^ijfu plant, draw their food from the digested insects, and assist 
to a Itniked degree in the digestion of these insects. Tissue en- 
zyTne& of the insects doubtless also participate in the process of 
digestion. 

The author desires to record his deep indebtedness to Dr. John 
M. MacFarlanCp director of the botanic garden and laboratory of 
tills university* for the material and facilities placed at his disposal 
for the prosecution of this research, during I9i4“)9i6. 
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TWIN HYBRIDS FROM CROSSES OF CENOTHERA LA- 
MARCKIANA AND FRANCISCANA WITH CE. 

PYCNOCARPA, IN THE F, AND F-. 

(Plates 1-1V.) 

By GEORGE F. ATKINSON- 
iRfpd Afirit 13, 

The peculiar behavior of <Enothera pyCKOcarpa and fE, umIhiu in 
reciprocal crosses' (Atkinson. 1917) led me to undertake reciprocal 
crosses of these with other species of CEnothera, Among the species 
which were used more attention lias been given to (EnolAcro la- 
marckwia and CE. /rawd-fjcowa.* Seed of the former was obtained 
from de Vries, of the tatter from H. H. Bartlett. 

Reciprocal crosses of these two species with (Efutthtru titrldtu 
,gave results which indicated that twin hybrids were produced in the 
F^. The plants were grown as annuals in 19' 5 i observa¬ 

tions were made on summer rosettes and on the mature plants. 
The number of individuals in some of these crosses was few. The 
broad leaves of CE. iiirlmu, how'ever. resembling in general form 
and size those of CE. lantarckiana and franciscana, made an analysis 
of the results more difficult and uncertain than in the reciprocal 
crosses when (E. pycnocarpa was used, since its rosette leaves are 
narrow and deeply cut over the proximal half- 

This paper, therefore, treats only of the reciprocal crosses of 
CE. IdiiiarritmHa and franciscatia, ivith CE. pycnoirarpa. 1 he polltna- 
tions for the reciprocal crosses were made during the season of 
1914. The seeds were sown in March. 1915, transplanted to flats or 
pots in April, and then transplanted to the garden in June. The 
season was quite rainy until the latter part of August and in Sep- 

CKiDtNcra gindicSi wert undertaken irusre fram tliie morphdi1qg;ic;3.1 
Standpoint than from that of plant breed inRr 

3 Olnoihfra /rdiifijfowfr Bartlett^ Rhodors, 3Sf This species, like 
CE^ hmarckiana, is one of the larec-Jlowered, open pollinated species. 
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tember. A very few of the plants did not pass beyond the rosette 
stage, and as there were a number in which stem development began 
late in the season, it was possible to connect the types of rosettes 
with the types of mature plants. 


Recipeoc.^l Crosses of CEKOTtiERALAMARCKiAMA and pvcn’Ocarpa. 

CwUttres of ipij, AmutaL 

CEnothtfra lamarctiana X />yfMOCor/ia (A^o. pp )-—Including 
those individuals which did not advance beyond the rosette stage 
there were between So and 90 plants in the F,. There was a dis¬ 
tinct splitting into two types. 1, <r., twin hybrids were formed. In 
certain respects these twin hybrids agree ivith twin hybrids obtained 
by de Vries (1913) in crosses of (E- fotJtirrciifaiia with certain other 
species. In certain characters tliey rescnvble one of the parents hut 
are modified by the other parent. I shall speak of them as the fiyc- 
ittararpa tyfie and the tyfe, but there arc such a number 

of strong contrast characters in the two species that tlie names of 
the types might with equal reason be reversed, depending on the 
form character chosen to represent the type. In this case the ■ 
deeply cut feature of the rosette leaves, present in pytmocarfa, serves 
to mark the />ycnocorpa lypi'. while tlie nearly plain, or slightly 
toothed feature of the rosette leaves of lafimrcPiano serves to indi- 
cate the farnartkmfitr 

PxrMOcar/^a Tyfe; —A roseite of this type obtained in 

the 1915 cultures is represented in Fig. i. Pi. X. The pycnocarpa 
character, cutness of the basal half of the leaves Is clearly s^en, 
though they are not so deeply cut as in the rosette leaves of the 
parent (see Atkmson, 1917, p. Fig, 13). The rosette is strongly 
rrmodified, however^ hy the iamirrckiafia characters, convexity and 
erinkledness of the leaves, and the leaves are a little broader than 
those of pyni&ccrfia. 

Fvawcarpa Type; Mafure Pianf .—There were 54 mature plants 
of this type in the culture. The width and edge character of the 
leaves come from fyctn^curfa. They are long, narrow, more or less 
furrowed, and rather strongly toothed, more so over the base, as in 
fiyefteearpa. The leaves are rather crowded and drooping, but are 
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more or less crinkled as in latnareksatia. Tlae stem tubercles arc 
red. Tlie calyx bud is rather robust, about 3 cm, long by 7-S mm. 
stout, tapering slightly, and then abruptly at the base ol the tips, and 
there is considerable red in longitudinal bars. The flowers arc 
large, up to 6.5 cm, broad: petals 25r-30 min. long and 30-35 n™- 
broad, broadly obovate and emarginatc, overlapping or just closing 
the gap. The pod spikes arc rather dense; tbe pods 3 - 3 - 5 .™- long 
and 6-7 mm- broad, often with red bars. 

Lamarckian Type; No fully developed rosettes of 

tbe /ofiiarfjtiflHfl type appeared in this annual culture. The type of 
rosette, however, is shown in Fig. i, PI. I., from the Fj culture. 
As a whole it resembles neither fBF«orft/niiu nor pycnocarpa. An 
analysis of the rosette, however, reveals a combination of lamarcki- 
aita and pyctiocarpa characters. The edge character of the leaves, 
toothedness, is that of lamarckiam, while the narrowness, non- 
crinkledness and furrowedness are those of pycnocarpa. 

Lttiiiarckiana Type; ,\tat«rc Pianis,—There were 35 mature plants 
of this type in the culture. They agree w-ith those of the lamarck- 
loifu type in the reciprocal cross. The plants (annuals) were lOo- 
110 cm. high- The stems are green, with red tubercles, a few red 
tubercles also on the young ovaries. The foliage is rather light 
green. The leaves arc rather narrow- and long, over the middle 
part of the stem 15-17 X 3-3 5 ™-‘ toothed. 

The lower bracts are leaf like, sessile, up to 13 cm. long by 3.5 cm. 
broad. The calyx buds are usually green, but sotnelimes with a 
flush of red in spots, 3-3.5 cm, long by 8 mm. stout at the base, 
tapering gradually to the apex or somewhat abruptly contracted at 
the base of the tips. The buds and Bowers arc intermediate in size 
between the two parents: petals 32 X 3*>--t*^ spike 

is lax. 

(Tnaihera pyctiocarpa lattiarchtana pS')-- There were 

approximately 400 plants in this culture. There w-ere 360 of the 
famarckiaHa type, which agree in all respects with the faiKarcfciaiia 
type of the reciprocal cross. The remaining 39 plants presented 
two types of flowers, 34 with large flowers and a long fruiting spike 
60-70 cm. long: bracts, especially the lower, large and teaf-Iike, no 
flush of red observed on the calyx bud, except rarely, the leaves 
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were sLrongly toothed, pod spike lax, and tubercles on the stem 
green. There were three plants distinctly of the pyema^rpa type 
with small flowers, but no red color was observed. All these 39 
plants probably belong to the pycfwcarpa type so far as the rosettes 
are concerned, as well as edge character of the leaves. 

In all of the hybrid types it has been observed that the color is 
very variable, especially that of the calyx bads. Also it has been 
observ'ed that there is a variation in size of the flower, some of the 
plants having small flowers, others large, I have suspected that 
there was further splicing of the types in regard to flower size, hut 
it was impossible with the amount of other work on hand to study 
flower size, or color bchavioT in either the or Fa cultures. The 
studies have been confined largely to the rosettes, exclusively so in 
the Fa, It would be of inlercst, however, to study carefully flower 
and color behavior in the and F* hybrids. 

One of the very marked differences betw een the two hybrid ty pes 
is the length and general habit of the fruiting spike in the annual 
formSp and this feature in each twin is in strong contrast to the 
fruiting spikes of the parents. In the /^yfjitirar/^dj type the density 
of the foliage and broader Ieave 3 ,r or lower bracts, contrast well 
with the open foli^e and narrow' leaves, or lower bracts, of the 
lamarckiana type. The relative width of the leaves, and their 
crinkled, or noncrinklcd character, parallels these features in die 
rosettes of the twins. The differences in length of the fruiting 
spike were very^ striking in this annual culture. While this feature 
has not been carefully analyzed in biennial cultures^ I doubt if 
the variation in biennial cultures is so great. Even in annual cul¬ 
tures I am inclined to believe that the results would vary^ to some 
extent ivith the season^ and the time of the year w'hen stem develop¬ 
ment began. In the reciproGil cross the same features were pre¬ 
sented in the fruillng spikes of the twdn hybrids, 

Cutiures &f 1^16: Bknmai^ 

In the autumn of 1915 seed was harvested from protected plants^ 
of parents, and twHn hj^rids of the reciprocal crosses except the 
pycnocarpa type of lamarckiatm X pycno^^rpa. The seed w^as 
planted in pans during Aprib transplanted to 2 inch, or 

i>aoc AMtK. PHit- soa, VOL- LV(+ just zs, t^iS, 
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inch pots in May, and from these set out in the garden in June. Of 
the 75-1 cx) seedlings of each hybrid ty-pe of the reciprocal cross, 50 
were transplanted to the garden, A few (12-15) of the parent 
pycmcarpa were grown for compari son, and about 150 of the parent 
tamarckiana. The object tn growing them as biennials was to obtain 
the well- developed autumnal rosettes. In all of the cultures the 
rosettes were large, wetl developed and remarkably uiuform except 
for an occasional nmlant from the pyenQ^^irpa type^ and a few mu¬ 
tants from the parent lamarckmna. 

The 0/ the pycnacarpa type {pyefie X hm) No. 155,— 
pycnocarpa character, the cutness of the leaves over the basal half, 
is very pronounced, though it is not so strong as in the parent 
pycfiocarpa. The convexity and crinklcdness inherited from 
marckiaw is very striking. The width of the leaves is greater than 
in the lamartkiana type. The type of rosette is well represented 
in the Fj of the reciprocal cross (PI, I, fig, l). 

The F, rosettes of the pycnocarpa type of the reciprocal cross 
{lamX pyc^^) ’^^^ere identical with those of the pyenoXhm cros$. 
and no photograph was made, but the form of the rosette of this type 
is shown in FL I, 5g, I, 

While this hybrid type has been called the pycnocorpa type, the 
r^ettes really show more of the lamoreklana character than they 
do of the pyawcarpa character. If these twin hybrids were to be 
named now, I should reverse the names because of the preponder¬ 
ance of characters in the rosettes of the pycnocarpa 

type, and the preponderance of pycnocorpa characters in the h- 
marckiana type. But as all my notes* numbers and marks on the 
negatives correspond to the names here employed, it does not seem 
wise to change at this time* In this connection it is of interest to 
note that the pycnocarpa type throws occasional mutants. The 
rosettes of the mutants which have thus far appeared are of two 
types. One appears to be a dwarf of the true htnarckiana. The 
other has very narrow, furrowed leaves, resembling in some respects 
the type of these twins, but is much smaller and the 

leaf edge rather strongly toothed the entire length. The pyetto- 
Ctirpa t)'pe of twin, in addition to presenting a predominance of 


ATKIN sox—TWIN HYBRIDS, 


r65 


lunKirckitifja character in its rosettes^ appears also to have the nititat* 
ing constitution of 

The rosette of the faimrckiana type (pyeno X —The 
complex of characters expressed in the rosette, derived from both 
patents j are such that it rcsemhles neithet parent. Still the pre^ 
ponderance of characters expressed in the rosette of the iamurckiaui^ 
type of twin comes from pycnoeorpa. These are the narrow, fur¬ 
rowed, noncrinkled, repand leaves^ while the edge character comes 
from fajaarcjtffliKJ. The leaves are light green. It is a striking 
rosette and the uniformity throughout the entire row' was remark¬ 
able (see Fig. 2, FI. I), 

The rosette of the iamoTekmJta type of the rectproci^l cross 
(iamX pyono ).—^Its resemblance to the rosette of the fowinrc^iaMa 
type of pymo X is remarkable. The Only obser\'able difference 
is that there Is a slight buckling of some of the leaves, a pyenoeorpa 
character. In both of these laworekuma types the nniformity of 
the rosettes in the row was remarkable. 

Reciprocal Crosses of CExotiiera fraxciscana and pycnocarpa. 
Cultures of AHtsuoL 

CEmthera pyemearpaX^ frottciscafta (No. roo).—In this 
culture there were between 170 and iSo individuals. The majority 
reached maturity* but there were a few of the more tardy ones ws'hich 
formed autumn rosettes. Several of the latter began stem develop¬ 
ment and advanced far enough so that the rosette types could be 
correlated with the types presented by the mature plants in w^hich 
the mature rosette stage was omitted. In the the progeny splits 
into two distinct types, corresponding Lo twin hybrids in the sense of 
deVries. 

Fycnoeorpa Type; Rose lie.. —The rosette of the pycnoearpa type 
is shown in Fig. 4^ FI 11., at the right. The pycnocorpts character 
is shown in the strongly toothed, partially cut margin of the basal 
portion of the leaves. This rosette is not 50 large nor so Avell fur¬ 
nished with leaves as those of the since the few' plants of 1915 
annual culture which did not form stems, were belated and did not 
form such fully mature rosettes^ 
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Fycnocarpa Type; Mature Plants .—There wdtc 13 matare or 
nearly mature plants of this type in the culture. They were approxi¬ 
mately 1% m. high (about 130 cm.). All of the red color, except 
the sunburn comes from the fraiteiscatta parent, a$ well as the large 
size of the flowers. The stems are green with a rather strong tinge 
of red in streaks, but parts exposed to the sun usually become quite 
red. Red tubercles are present on the stem, branches and ovaries. 
The lower branches over the base of the stem are 5t3--6o cm, long. 
The flowering branches occur from the middle upward. The leaves 
over the middle portion of the stem are nearly like those of pycno- 
carpa, long, narrow, furrowed, drooping and strongly serrate on 
the edges, but the midveins are pink. The foliage is dark green. 
The calyx buds are 3-3,5 cm. long by 6 mm, broad at the base, 
slightly tapering from the base to the base of tht tips, then abruptly 
or gradually, and with considerable red color in longitudinal bands. 
When open, the flower spread is 4.5-5 cm. The petals are obovate, 
strongly emarginate, pale lemon yellow, 20 mm. long by 25 
broad. The stamens overlap and nearly reach the tips of the stig¬ 
mas, or do not quite reach the base of the 5tigma,s, The pods are 
3,5 cm, long by 6-7 mm. broad at the base, tapering gradually and 
evenly to the apex. 

rradffjfflna Type: Rosette. —An Fi rosette of the /rfliifijcsno 
type is shown in Fig. 5, PI. Ill, left hand, a belated plaot of the 
1915 culture. The rosettes of the franciscana type are very diffi¬ 
cult to distinguish from those of /nuififfdJUJ itself. In fact I do 
not believe that I could distinguish them. It ts clearly distinguished, 
how'flver, from its twin, the pycfiocarpa type of the same cross, at 
the right hand. Fig. 6, Fl. Ill, The leaves of this rosette are 
narrower than the mean, for rosette leaves of CE. ^rotfftfcOMo, or 
for this twin hjliritl fraticiscatia type, but as this rosette is a belated 
plant the leaves have not reached their full sizes. 

Frandscana Type: Mature Plants .—There were 153 mature 
plants of this type in the cross. They measure approximately i m, 
high (90“i20 cm,). The stems are green with occasionally a faint 
tinge of pink over the older portion. Red tubercles are present on 
the stem, branches and ovaries. The fruiting spike is 40-50 cm. 
long, the bracts long, green, persistent, the lower ones up to 9 cm. 


ATKIKSON—TW'IN HYBRIDS. 


137 


long ty 3 cm, broad. The calyx buds are 3-3.S cm. long hy 7-S 
mm. broad at the base, tapering gradually to the apex, usually an 
abundance of red color in the calyx, sometimes with only a faint 
tinge. The open flowers are 4-S“S hroad, the petals narrowly 
obovatc to cuncate with gaps between them at the base. 20-25 nim. 
long and broad in the larger flowers. The stamens do not quite 
reach the base of the stigma, and the stigmas are more slender and 
longer than in the pyawcarpa type. The flowers are more delicate 
and wilt earlier than those of the type. Pods 4 - 4-5 c™- 

long by 7 mm. stout at the base. The leaves are exactly like those 
of the parent franciscam, narrow, long, only slightly furrowed, 
toothed on the edges, not so drooping as in the pycnacarpa type, plane, 
midvein white, foliage pale green contrasting strongly with the dark 

green foliage of the type. 

The fruiting spikes in these annual cultures also show a dis¬ 
tinct splitting into two types in regard to the length of the spike or 
fruiting axis. 

CEttothera frattciscam X pyc»ocarpa {No, lot). —The reciprocal 
cross, (Enothera fraftciscotto X pyotocarpa gives also a progeny 
which splits into two hybrid t>'pcs. These types are identicaJ with 
those just described from the cross pyatocarpaXfrattcucana. 
There were 102 plants of the Fj, go of these belong to the francif- 
cotui type and 12 to the pyc*iotorpo type. Here as in the reciprocal 
cross a preponderance of the progeny is of the franascana type. 

The F, GENF-a.vTioNS, 

From the F. progeny of the crosses between (Encthera francis- 
catia and pxttioeorpa, seed was saved and sown from three of the 
hybrid ty pes, the pycnocarpa type, and frandscana type of twin from 
the Fi of 05 . pyc»Qcarpa X framheam; and from the pycnocarpa 
type of twin in the rcciproca] cross. The cultures were carried 
along parallel with those of the F* described above, from crosses 
between <E. lamarckiana and pycnocarpa. They were grown as 
biennials, and the rosettes were mature and fully developed in the 
autumn of 1916. 

Pycnocarpa type F, No. 157 (py<-«o X/ran).—There were 50 
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plants in the F, of this culture* The pycnocarpa type is not fixed 
in the F„ but splits in the F, into two types, the pyctiocarpa typs 
and the fraturiscatia type. Of the 50 rosettes in the culture, 13 were 
of the pycwcafpa type, and 37 of the frawcisciiHfl type. The two 
types which result from the splitting of the pycimcarpa type in the 
Fj are shown in Fig* y (= 157 - 33 ). PI- pyc«ot:arpa type; 

and in Fig. S (=157.10), PI* IV., fruHciscana type. 

Franciscaiia type No, i^S (/yciioX/ran).—There were 64 
rosettes of this type in the Fj, all of the franciscaHa type. There 
is no splitting of the fraHciscona type in the second generation, but 
the fluctuating variations in the rosettes are quite marked. These 
variations relate to the size and shape of the leaves, and parallel 
the ftuctuating variations of the leaves in the rosettes of the parent 
(Ewotlitra fraitciscana. 

Of the reciprocal cross (CEnotkera franciscaua'K Pyenocarpa}, 
only the pyaiocarpa type twin was grotvn in the F.. There were 42 
plants, most of them developed into mature, autumnal rosettes, hut 
in a few pre mature stem development checked rosette development. 
Splitting in the second generation occurs here also. There were 39 
rosettes of the frandseana type and 4 of the pycnocarpa type. 

Fluditaiittg Vafiations in the F. Hybrid Types .—^In the second 
generation in all of the hybrid types of the crosses between OS* 
franeiJfOJia and pycKOCorpa the fluctuating variations as shown by 
the rosettes wore very' marked. These variations were studied more 
carefully in the fraiieiseam types* It was possible to recognise 
several groups into which the principal variations could be assembled, 
although the limits of variation in the several groups were not dear 
cut. The groupings arc as follows: 

Series No, 157, F« of pyaiotarpa type {pycno X fran) . In the 
splitting between the 50 plants in this culture there were 15 of the 
pycfiotarpa type and 30 of the francUcom type. The groups of 
variation in the frandscana type, tvith the number of rosettes in 
each group, are as follows. 

1. Leaves medium broad, dark green, white-veined, 3. 

2. Leaves broad, dark green, crinkled, pink-veined, 17 (6 of them 

rather narrow leaved). 

3. Leaves narrow, dark green, white-veined, 4, 
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4. Leaves broad, dark gvetn, white-veined, S- 

3. Leaves narrow, pale or yellowish green, pink-veined, 6. 

6 . Leaves narrow, dark green, pink-veined, 2, 

Series No. 156, F* of pycHpcarfict type (fruit X pycH^h 
splitting between the 43 in this culture there were 4 oi the 

pxctccarpa type and 39 the francUcaiKt type. The groups of 
variation in the /rewffjfunii type, with the number of rosettes m 
each g^oup^ are as follows: 

1. Leaves broad, dark green, crinkled, piuk-veincd, 4. 

2. Leaves broad, dark green, white-veined, 16. 

3. Leaves medium broad, dark green, whlte-velned, iS- 

4. Leaves narrow, pale green to yellowish, pink-veined, 3. 

5. Leaves medium broad, pale green, white-veined, 1. 

Series No. 158, F- of franciscatia type (/>yc«o XThere 
is no splitting of the fraitciscam twin in the F,. There were 67 
plants in the culture. The groups of variations in the rosettes of the 
second generation of the frandscam twin, with the number of 
rosettes in each group, are as follows. 

1, Leaves broad, dark green, pink-veined, 9- 

2. Leaves broad, dark green, white-veined, i 4 - 

3. Leaves narrow, dark green, white-veined, 13. 

4, Leaves medium broad, dark green, white-veined, 25, 

5, Leaves narrow, pale green or yellowish olive green, 3. 

6. Leaves narrow, pale green, pink-veined, 2. 

Considerable fluctuating variations were presented by the rosettes 
of the pycnocdTpa types in the F, of the reciprocal crosses. Parallel 
fluctuations undoubtedly occur in the rosettes of the of the two 
types of hybrids in the reciprocal crosses, but as the Fi plants 
grown were nearly all annuals the number of rosettes was not 
sufficient for a study of these variations in the first generation. 
Since the rosettes of (Enoihera pytnocarpa are very uniform, the 
pronounced fluctuating variations in the hybrids of the crosses be¬ 
tween pycnacarpa and fraiickcatta are traceable to the constitution 
of CE fraticiscatut, for the fluctuating variations in the rosettes of 
the frauciscfftia hybrid type are parallel with the fluctuating varia¬ 
tions in the rosettes of /raafifcfliio itself. In the 1916 cultures, 13S 
rosettes of (H. framheam were grown in the garden as a parallel 
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culture. Five or six different groups were recogoized, but no 
record was kept of the lUimber of rosettes which could be assigned 
to each group. The groups arc as follows: 

3. Leaves broad, dark green, plain, white-veined. 

2 . Leaves broad, dark green, crinkled, white-veined. 

3. Leaves narrow, dark green, red-veined. 

4. Leaves, broad, dark green, red-veined. 

5. Leaves medium broad, dark green, white-veined. 

These marked fluctuating variations tn leaf form, representing 
one of the features in the constitution of (Enothcra franciscafm 
which is inherited in its hybrid progeny, marks this species as a 
favorable one for Stimulating great fluctuating variations in the 
hybrids from crosses with other species, indicated not only by the 
crosses of (Eiiothera ftaiiciscatta^ and pycnocarpa described here 
but also by the great fluctuating variations resulting from crosses 
between (Etwihem fraft^iscana and bwnnis as described by 
Davis (1916). 

The marked fluctuating variations In the twin hybrids of the 
.reciprocal crosses between franctscana and (E. pyctwearpa might 
be interpreted by some as indicating that two distinct hybrid types 
were not present, but that the two forms represent merely a single, 
wide range of fluctuating variation. That this interpretation is not 
valid is shown by the fact that the franciscdna twin typCp although 
variable, is fixedp it does not split in the second generation nor in its 
fluctuations does it produce typical pyctiQcarpu twin forms; while 
the pycnacc^rpa twin type splits in the second generation into the 
two types. 

Further evidence that the interpretation given, in this paper, to 
the results of these crosses, so far as the production of twin hybrids, 
and one-sided splitting is concerned, is admissible, is found in the 
very close genetic relation wdiich (Efwthera franciscam hears to 
(Enotkera kcakeri (see Bartlett, 1914, p. 33). Reciprocal crosses 
of <E. h&&km with Q:. htnQr€kiatJ<i, or with certain of its mutants, 

*The seed of francumm wbich 1 have used came from Dr. 

H. H. Bartlett m the winter oi 1514 from a scries of cultures which he had 
oontinocd for a few years, and a» 1 understand it has the sanic pedigree as 
the seed employ^ed by Dr, Daris In his interesting crosses with (E^ bknftis. 
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give twin hybrids in the first generation, with splitting of one of the 
twins in the second generation {de Vries, 1913. p- 131)- "The re¬ 
sults of reciprocal crosses of CH. ffuttciiconn with CE, pycttoc9fpa are 
a close parallel, and indicate that the genetic constitutions of CE. 
and (E, kook^ri are very similar. 

SU^IMAHV AND CONCLUSION, 

The history of the progeny of the crosses of CEnotkera IuHtorcki- 
oNd and CE. /rat«wfc«a with CE. pyowfarpa belongs in the series of 
some of the most interesting: phenomena of hybridiaation known in 
the CErotheras, and discovered by de Vries t909> 

1913). These phenomena are, first, the production of twin hybrids 
in the first generation of a cross, the two hybrids being hxed in the 
Fj generation and continuing to reproduce themselves in the Fj and 
succeeding generation t and, second, the production of twin hybrids 
in the F, with one-sided splitting in the F,. and succeeding genera¬ 
tions. In the second case one of the twin hybrids of the first gen¬ 
eration is fixed in the F„ the other splits in the F., into two types, 
like the twins of the F„ one of which is fixed while the other splits 
in the F, and so on. In the crosses of (Etiotbera lamarckiam and 
CE. fronciscam with (E. />vftiofarZ-a, the cultures have not been 
carried beyond the second generation. But the existence of this 
peculiar pheuoineuon of inheritance in certain crosses among the 
evening primroses has been $0 thoroughly demonstrated by de Vries 
for several succeeding generations that there can be no reasonable 
doubt that it applies also to the behavior of the crosses here de¬ 
scribed, for succeeding generations. 

In the reciprocal crosses of CE, latmrckiam with (E. pycnoaarpa 
the twin hybrids are fixed in the first generation, and "breed true " 
in the second, and in all probability, in succeeding generations, 
Each of the twin hybrids is very uniform, at least in the rosette 
stage, and shows a minimum of fluctuating variations. The ^ycno- 
MTpa twin type is a physiological homozygote but its fundamental 
heterozygotic constitution is now* and then manifested by the salta¬ 
tory production of hmarckiatta forms, and also of forms approach- 
ing or the lamarckiam twin type. The reaction system 
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established in the ^^g:ote ’a-hich produces the pycnocarpa twin 
t)^p is in a ver>' high percentage of cases stable in the and the 
following generations. But occasionally other reaction systems* 
usually dormant^ are activated^ resulting in lamQrckian&^ and other 
forms. The hmankm7i{i twin type presents also a mitiimuiti of 
fluctuating variations in the rosette stage^ though it appears to me 
probable that it is a physiological homozygote and carries in a 
latent, or inactive condition the other factors of Ixjth parents which 
are not manifest in the phsenotyjje. 

In the reciprocal crosses of (Etwthtva fra^iciscana with CE. ^yr- 
Only one of the twin hybrids (fran^iscafra type) is fisced in 
the first generation.* The other (pycn&carpa type) having a 
“'hybrid constitution’'^ splits In the second generation into two types 
which are like the twins of the The pycn^^carpa ty pe with great 
probability would continue to split In the same way in succeeding 
generations. When the reaction systems of (E. fraHci^c^na and CE» 
pycnociirpa meet in egg or zygote, a new reaction system is es¬ 
tablished combining the factors of the two parents. In the unions 
certain factors of one or the other parent preponderate but their 
influence is modified more or less by the homologous factors. But 
the new reaction system established in the zygote is not the same 
in all the zygotes. As the two different parent reaction systems 
meet m the egg, ortc or the other o-f two neiv reaction systems is or¬ 
ganized, and chance seems to detemiine which one of these working 
systems is established in a given zygote. The reaction system of the 
iamari^kkm twin is stable, that of the pycn^^carpa twin is unstable 
(and helenozygotic). The twin hybrids in these crosses display in 
the organization of their reaction systems in the F^ zygote W'hat I 
have termed '“selective dominance^" (Atkinson, 1917^ p. ^53 )h 

I wsh here to express my appreciation of aid given by Mr. H, 
E. Stork, assistant in botany, in writing notes in the field from my 
dictation, and for making some of the photographs, 

*Thie frandscano twin probably carries the p^pciwcarpa factors also, but 
in a subordinate or permanently latent ceuditton. If so* it Is a ph^iological 
homozygole. If it were passible to ititraduce a splitting factor into the 
franrifraiui twin by an appropriate cross, and cause the pycnscarpa character 
to reappear tn some of the progeny, it would indicate the fundamental helero- 
zygotie constitutioo. of the frmdi^itna twin. 











tfZ^W 



Am. pHiLafrDPH. SjOC. LVII. 



Fi^ j fJ'. X UL l.,rm^rcki<,»u, the twin hy- Fim- + Oi. hmarckimm X Oi. ficiiocarpa, wUli tlie twin liy- 

hrld* of the sL-coiid generation, lypical rowtte leaves. brids of ll.e secon<t eerersHion. t>i>.cal rosclle leave!.- 




























PHQCEEDlMaa Aw. PHJtOSQPH. Soc. LVtI. 


1 



PlJ^TF. 111. 

(Efiothrro fytiiOiarra X fTI, rosEiics o! lulus in first urnwaticiii, UHaicd plains and ros=ues not quite maiuire, 

hvLi chariders well sliowii. 

rtit, 5, I'jfiJOfarM I will Fl'- « twill lype. 















PpLOCEED^NSS Am. PHllOftOPHr Soc. LV(I. 


i’ 





















ATKIKSON-^TWIN HYBRIDS. 


143 


Liteiaturc Cited. 

Alkinson. F. 1917. Qwadrupte Hybrids in the Fi Gen«falion from 
(Enothcra imians and CEnothera pyrnoearpa, with the F» Genera- 
and tht Back and Intcr-Cfosses. GettiHcSr 
1^1^, Sec also T^in Hybrids Iiotn CEnothera lamarckiana 
and frauciscana when crossed with CEnolhera pycnocarpa. S'er- 
tnee, N. 46, ^ 

EartlcU, H, H* 1913, Systematic Studies on CEnotfiera^ Jll. New species 
from ItliaEi, N. V. Rhadora, 15, 8i-S5- 
1P14. Systematic Studies on (Enolhera, IV* CEnolhera francscana and 
fF venustaT SPP- iwvt. Rh&dofOj, iff, 33 ^ 3 ?p 
Davis, B, M. 1916. Hybrids of CEnothtra biennis and CEnothera frai^scaiia- 
in the first and second generations. CeiiefiVj, i97-i|lp Figs. 1-- 

26, See also us 

I9iff. {Enoihera nco-iamardclana. hybrid of O. fraociscatia Bartlett 

X O. biennis linnseus* 50, 6^8-696. 

Goodspeed, T* H„ md Oaiisen, R- E, 1917. Mendtlian Factor Diffcrcncos 
vofsu* Reaction Syilero ContnisU in Heredity. .tIhi. JVet-, 
3i^p 92-101. 

deVries^H. 190J. Die Mntalionstheorit, fp. Lcipzigf^ Veit ^Co. 

1907. Twin Hybrids. GoC., 44 = 40 i-ito?^- 

190k Uher dte Zwillingsbastarde von CEnotbera nanelli. j@rr. rf, dfuisiH, 
boi- £P«r^ a&A: 667-^- 

1909^ On Triple Hybrids. Goj-h 47- ^ _ t rv 

1911. Ober doppcltreiiproke Bastarde von CEnothera biconis L, und Cb. 

mciriEiata L- Bmf. 3* - 97 “‘i^M' 

1013. Gruppenweise Artbildtmg, miter spezieller Bemckstchtigung der 
Gattnng CEnothera* vLii + jfi^PP- Berlin: Gebr. Borntraegcr. 


THE ART OF GEORGE CATLIN. 


By ZDWIN SWIFT BALCF. 

(Read A^rii iq, 191^.} 

Within the pa&t decade, a number of American painters have 
transferred their Lares and Penates from Europe and the eastern 
United States to Arizona and New Mexico, They have done this 
because it has dawned on them that the American Indian of the 
southw'esteru states offers a splendid opportunity' to put on canvas 
subjects virgin Id form and color* About a dozen pictures of Ari¬ 
zona and New Mexico Indians by these painters w^ere in thb year's 
exhibition of the Pennsylvania Academy of Fine Arts. The aim of 
these painters is undoubtedly artistiCp but their works have an im¬ 
portant scientific attribute* namely ill at they record ethnological 
subjects and in time will form a grand series of illustradons of the 
appearance and the ciutom^ of a few^ tribes qf the original inhabi¬ 
tants of America. About this movement, Mr. Edgar L. Hew-ett, 
Director of the School of American Research, Museum of New 
Mexico, Santa Fe, on the 4th of January last, gave a most interest¬ 
ing account to the American Philosophical Society. 

But ibis movement, important as it is, can do only certain things. 
The artists of to-day can perpetuate from actual observation only 
the Indians of to-day. In the United States, they can record the 
appearance and the doings of the Indians of the desiccated regions 
of the southwest, w'hom one may call generically the Pueblo Indians; 
and even those Indians have had their costume affected by that of 
the White Race, But they cannot record the historical Neolithic 
Indian. For the Indian of the Allegheny forest, of the Plains, and 
of the Rocky ^lounlains, the Indian of the deer, ihe bison and the 
grizzly bear horizon, is a thing of the past. In his genuine native 
trappings, he can never be painted again. 

Fortunately for ethnology and for ihe history of the natives of 
America, a handful of painters of by-gone days have left us some 

144 


BALCH—THE ART OF GEORGE CATLIN. 


145 


drawings and paintings which form a precious record of our 
copper-colored predecessors before they had become largely EurO- 
peaniaed. A number of these paintings are in the United States 
National Museum in Washington, a number are in the American 
Museum of Natural History in New York, a few arc in the Harvard 
University Peabody Museum and others are scattered through¬ 
out the country. Many of these paintings are portraits, usually 
dot of any great art merit. As works of art they will doubtless he 
greatly surpassed by some of the pictures now being painted. But 
as ethnological data they are exceedingly important and will alw-ays 
hold their own. 

One of these painters of Indians was J. O. Lewis, w-ho painted 
a good many portraits of chiefs of ’i-arious tribes, Sioux, Winne- 
bagoes, Chippewas, etc,, and who published a portfolio of colored 
lithographs of them> Many of his models were garbed in a hybrid 
European dress and the lithographs are too i?oor to render ac- 
curately the heads. 

Another painter of Indian portraits was C, E, King. Some of 
his paintings were reproduced by colored lithography in McKenney's 
and Hairs book- and historically they are of importance. The 
frontispiece of the book by P. Rinetisbacher (in text Rhinedes- 
bacher) is an interesting picture of an Indian dance. 

One amateur artist who portrayed sporadically Indians was Cap¬ 
tain Sully, U. S. A., son of the portrait painter Thomas Sully, In a 
lecture before the Historical Society of Pennsylvania, on January 
14, 1918. Mr. Henry Budd stated that Captain Sully while on 
frontier dutv made some sketches of Indian life. 

Captain *S. Eastman. U. S. A., made a number of drawings of 
Indian scenes, which were engraved for Schoolcraft's great work." 
Some of these were from his own sketches, apparently made while 
he was on acrivc service along the frontier. But some of his draw¬ 
ings were from sketches by other persons, Schoolcraft himself, Lt. 


1 f O Lewis " The Aboriginal Portfolio." Philadelphia, 1835, 
sliiomas L. McKenney atid James Hal!, "History of the Indhm Tribes 
of Nortli America,” Philadelphia, 1636^ 1842, 184+- 

* Heflin R. Schookrafl, " Historical ... Information ... Respertmg the. 
History . 7 . of the Indian Tribes,” etc. Illustrated by S. Eastman. Capt. U. 
S. A-, Philadelphia, 1851- 
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Co\r J. H. Eaton^ U. S. A.^ R. H. Kem, E&q,„ etc. It is not sur¬ 
prising therefore that the engravings are soniewhat monotonous in 
handling and lack to some extent realistic detailn The draAVings 
doubtless were much better than the reproductions, but these never¬ 
theless have saved a great deal vvliich has noiv passed away of the 
life of the American Indians and Eastman's work will remain a per¬ 
manent contrihution to American Ethnology. 

But hy all odds the most important of all painters of the Amer¬ 
ican Indians is George Catlin. Catlin u'as a man of many activities : 
a great traveler and something of an explorer, an ethnologist, a 
geologist, a voluminous Avriier, but above all p 1 painter. About his 
travels and his views on geology and cthnolog}-, his oi\ti writings 
offer all necessary data to a student; of his art^ numerous engraved 
reproductions are accessible. But of his art, from a painter's point 
of view, and of his rank as an artist^ no critical study, to my knowl¬ 
edge. has yet been made. And to Till this lacuna by a technical 
examination of the paintings of this remarkable man is the object 
of this paper, which altliough it appears in my name, is really a 
case of joint authorship. For my wife studied the Catlin pictures 
in New York and Washington with me and many of the observations 
and ideas here presented are hcrs> 

1 had the pleasure of meeting Catlin on one occasion manv years 
ago in Europe, I think In 1871. He was then traveling about ex¬ 
hibiting his collection of pictures. I went to see these and was 
kicky enough to find him in the gallery where they were and to 
have a long talk with him, and I remember him as a most mteresi- 
ing and friendly old man, w^ho loomed up to my boyish eyes as a 
hero. 

Catlin was born in 1796 in the Wyoming Valley, Pennsylvania. 
His boyhood was parsed principally in hunting and fishing, Wh^n 
he grew' up he studied law, but soon grew tired of this and went to 
Philadelphia, where he started as a painter, without teacher or ad- 
vHser. After several years, one day a delegation of Indians from 
the “Far West." arrayed in their native dress, happened to pass 
through the city, and this event determined the course of Catlin*s 
life. He dreamed of nothing but painiing Indians and he carried 
out his dream. 
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He starlet] in J832 and wandered all ovtr the plains as far as 
tlie Rocky ilonntains, living with the Indians for nine or ten years 
and all the while painting their portraits and making pictures of all 
the different phases of their life. For some years after this he was 
Gcctipied in exhibiting these pictures in America and Europe, and 
also in writing and publishing several Important books.* In the 
fifties^' he traveled extensively in South America^ prijicipally In 
the regions of the Orinoco and the lower Amazon, where his brush 
onee more was ceaselessly busy. After this again he wrote nu¬ 
merous valuable contributions to the knowledge of the Indians of 
North America and South America and also traveled about exhUHit- 
ing his collection. After his death, the greater part of his pictures 
fortunately passed into the possession of the Smithsonian Institution 
in Washington and of the American Museum of Natural History 
in New York City. 

Almost all of the hundreds of pictures painted by CatHn are of 
the same size, about 19 by 25 inches. Almost all are painted Ictigili- 
wlse^ not upright. Li his more elaborate compositions he covered 
the entire surface. But in many cases he painted an oval picture, 
which he framed with a black line. He may have used the oval 
shape because he recognized eitlier consciously or unconsciously 
that the eyes do really see an oval rather than a rectangle; or because 
he thereby avoided certain difficulties in filling comers; or he may 
have found that the oval shape sometimes assisted the composition i 

^ Catlings mosl important puEflicalions are a& idllou's: 

North American Indian Portfolio,'' London, 

" Letters and Note^ on the Manners, Customs and Condition of the 
North American Indians/* New ’k&rk, 1S44. 

^ Illustrations of the Manners^ Customs and Condition of the North 
American Indians/' Lniulon, 1^5-1848. 

“Life Amonijst the Indians" 

[llustrations of tho Manners, Cnstotr? and Condition of the North 
American Indians," London, 1866. 

“ Lait Rambles amongst die Indians of the Rockj' Mountains and the 
Andes,” New York, 1867^ 

“ 0 -Kec-Fa: a Religious Ceremony and other Customs oE the Mandans,'* 
Philadelphia. 1S67. 

■^C^ttin's Notes of Ei^ht Yearjs^ Travel and Residence in Europe,^ New 
Yort, 

“North and South American Indians, Catalogue," etc., New York, 
Baker and Godwin^ tSyi- 
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or in some cases he may have saved time which in painting at high 
speed in the wilds must frequently have been precious. 

Most of Gatlin’s pictures are on prepared paper of a light grayish 
brown, which often helps a good deal as an undercolor, occasionally 
remaining untouched. The pictures, as a rule, arc light but not 
bright in tone; there are lew brilliant lights and few deep darks; 
they are usually in a high middle, somewhat dull, register. 

Gatlin's palette is limited but complete. All the essential colors 
are on it. The bright colors are used most sparingly and only in 
small touches and accents. There is certainly white lead. Yellow 
ochre is much used. A little bright yellow, which may be Naples 
yellow. Light red. A few touches of two bright reds, almost 
surely vermilion and rose madder. One bright blue, which almost 
cerUinly is cobalt. In one or two cases, in night effects, there 
seems to be some darker blue, possibly indigo. Brown, probably 
Vandyke and umber, is a good deal used. Black is occasionally em¬ 
ployed and sometimes in night effects pure or nearly pure. There 
is much dull, usually light green in Gatlin's pictures: this mav well 
be a mixture rather than a pure pigment. 

The method of Gatlin in laying on the paint is of interest. The 
paint is thin and smooth. It is all applied evenly in one thin coat 
without retouches, Tlicre is no impasto; there are no rcpentirs. 
His work might almost be called tinted drawing rather than paint¬ 
ing, There are two explanations of this mode of work, One of 
them is that it was to a great extent the method then in use. The 
painters covered their canvas with a slick surface of paint, from 
which all roughnesses and ridges were removed. The other cause 
probably is the great difficulty Gatlin must have had in carrying ma¬ 
terials and paints with him. He must have opened his colors on 
his palette in the smallest possible amounts, and made every speck 
of paint do as much covering as possible. 

One of the curiosities of the Gatlin collections at AVashington 
and at New York, is that there are no sketch boohs, no rough draw¬ 
ings, no slips of paper with pencil or chalk marks or blots of water 
color. Gatlin docs speak in connection with his first bison hunt, 
of making drawings of an old bull from his horse in his sketch book 
and in another place he writes of altering the finished portrait of a 
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dissatisfied Indtan with water colors; but no stich sketches in either 
pencil or water color, as far as 1 know, have come down to us- All 
his works are snmll finished pictures, which Cat!in carried as far 
forward as he knew how. And considering how well understood his 
pictures are as a whole, it is astonishing how much detail he gets 
into his figures and their accessories. But while tins multiplicity of 
detail always takes its position in the whole, as a result his pictures 
do not cany any great distance; they are best looked at dose by. 
Some of his detail is minute and delicate. Details on the dresses 
in his portraits art beautifully carried out; there is the greatest 
delicacy of touch. And it is of ethnographic significance that all 
the decorations he depicts on the clothing of the figures or on the 
teepees are always square or rectangular decorations, such as one 
sees on tlie Lewis and Garke skin robe in the Harvard University 
Museum, 

Catiin drew well; not academically but accurately. His portrait 
heads and full length portraits may be ranked as fair cjiamples of 
the stvle of portraiture in vogue in America in the first half of the 
nineteenth century. Had he continued painting portraits at home 
he would doubtless have earned a comfortable competency. And 
while, of course, Catiin never painted any pictures of architecture 
requiring linear perspective, his pictures always have the correct 
artistic ^jcrspectivc which all good landscape painters obtain through 
intelligent drawing. 

A strong point of Catiin is his splendid sense of proportions. 
He got the natural proportions of figures. His figures are utterly 
unacademic. He was not preoccupied with Greek or modem Euro¬ 
pean conventional canons of what a human should be. His nudes 
are nudes, the real thing; they have much the feeling of the French 
primitives of the Middle Ages. Catiin merely tried successfully to 
make humans look like what they arc, and one feels that nobody 
looked over his shoulder and told him he was not right. 

While all of Catlin's models are copper-colored with straight 
black hair and sometimes are daubed over with red ochre or other 
colored earth, nevertheless there are two variations in type. One of 
these, which is most apparent in the portraits, has features very 
similar to the Americanized European whose ancestors came over 
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early in Colonial times and this Ij-pe resembles the thin gaunt Amer¬ 
ican tj'pe of to*day. The other type, which is most apparent in the 
incident pictures, resembles the Mongol type, both in the faces and 
in the figures, which are decidedly squat. The latter type often 
suggests the faces in Aztec or Maya art. Air. Huntington Wilson, 
former assistant Secretary of State, tcUs me that he obsert'ed two 
types among the Indians of South America, one on the high Andes, 
the other in the hot forest lowlands east of the Andes. Apparetitiy 
Catlin observed something of the kind among the Indians of the 
Northern Plains. 

Color and also values, that is light and shade, Catlin gets very 
realistically. He never attempted to solve any artistic problem in 
color nor in light and shade; he simply painted his subjects straight- 
fonvardly and quickly as well as he could. He was absolutely 
sincere in trying to render what he saw. In the real sense of the 
ivord, therefore, his works are genuine realistic impressions. But 
they have not a semblance of so-called impressionism. His lines, 
values and colors are always an attempt to present as nearly as he 
could a scene in nature. His color is sober. Evidently he thought 
much of local color and little of artistic color schemes. There is 
no decorative quality in his work. The irtie furtetion of decora- 
tiv'c painting is to make patterns of lines and patches of colors into 
decorations, not to rcpre.?ent or imitate nature. .And there are no 
line patterns nor patches of color work in any of Catlin's pictures. 
What he does get in his coloring is a most remarkably faithful 
rendition of the colors of nature. 

The accurate rendition of the colors of nature is shojvn forcibly 
iu some of Catlin’s pictures of South American forests. In them 
he shows great nerve in tacklitig the, from our usual pictorial stand* 
point, utterly nnpictorial subjects of the swamps and jungles, whose 
color might he called a r^etable green monochrome. He suggests 
the sogginess, the pestilential mabrial character of these South 
American swamps in a W'onderful way. His forests give the im¬ 
pression of forests, his trees really look like trees in a forest, much 
more so than does much of the more learned work of the later 
European painters, then for instance, the forests of some of the 
Barbizon men or of some of the impressionists. And he succeeds. 
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largely because he Js not afraid of covering a canvas with a mass 
of green, and because that green doc$ imitate closely the color of a 
mass of green leaves. 

Values Catlin always tried for and usually got very^ fairly. It is 
partly because his numerous detail is in value and slays in place that 
he gives the impression of simplicity" and a look of out of doors. 
He often suggests most successfully distance and atmosphere^ as 
for instance in a picture, now in the American Museum, of some 
snow mountains, probably the Andes, in which the mountains ieem 
miles away. Some of his skies also, especially at sunrise and sunset, 
have not only color and lights but most delicate values. To chiaro¬ 
scuro^ that is to an artistic arrangement of light and shade or 
values, he paid less heed. He sought values and sometimes ob¬ 
tained arrangernents of light and shade which arc most artistic, but 
it seems always as if it were the subject which bore them in itself, 
rather than that he was searching for them. 

White there is little striving after effect in Catlings work, still 
sometimes he painted some memory effects most successfully. 
Among his are a certain number oF night effects, forerunners 

of our modern nocturnes but not just a dark blue smudge like some 
of these. They are painted wiih a generous use of black. There is 
lots of detail in them: the more you look into them the more you 
see. Two of these nocturnes in the American Museum may be 
instanced. One is a camp fire under pine trees w'hiclt is excellent 
in composition and in which the pine trees arc really drawn. The 
other is a South American river with some men standing over a lot 
of captured turtles and a number of women running up waving 
torches with the most splendid action and motion. 

Evidently an inborn gift for composition was one of Gatlin's 
artistic attributes, for he received as little outside artistic inRuence 
as any painter ever did* yet each of his pictures show"S a distinct 
power of composing every- subject. He had the dramatic instinct, 
he knew how to place on canvas a scene he had observed so a$ to 
make it into a picture. In some of his ivorks, he renders the ap¬ 
pearance of a crowd* of a multitude of animated beings, whether 
Indians, or bison* or peccaries, in a way few painters have done. 
In his pictures of Indian games* one feels as if there were hundreds 
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of Indbns before one; in his bison hunts, the bison herds stream 
over the prairies hy the thousand. It is largely Catliu's power of 
composition and selection which makes these pictures success[ul; 
indeed almost invariably his pictures have good composition, and 
sometimes they have really splendid composition. 

Obviously many' of Catlini^s pictures are memory paintings of in¬ 
cidents freshly observed. His bison hunts, his groups of Indians 
in games, in fact all his scenes of active wild life, must have been 
painted on the spot, as soon as seen and in their natural environ- 
mentt but they could only have been done f rom memory, as usually 
they represent many figures or animals, generally in violent mo¬ 
tion. Evidently Catlin had a strong artistic memory and it was that 
quality wdiich enabled him to get so much life in his work. For liis 
humans and animals have both action and motion: they are alive^ 
they stand plumb on their feet, they walk^ they run, they jump; 
they have none of the arrested motion of certain academic W'ork* 
His groups of figures render the movements of the groups ; you 
feel the way each group is moving, F.^ccept in his portraits, his 
humans are never posing. There is no rigidity in his w^ork. His 
one weak spot in regard to motion is that he painted some of his 
galloping horses and bison with the incorrect open-scissor action 
w'hieh no white race man ever discovered was wTOng, until instan¬ 
taneous photography obliterated it from art. 

It is the matter and not the manner of Catlings pictures, how'ever, 
which is of supreme importance. The paramount value of his pic¬ 
tures lies in the subjects and in the fact that the subjects are handled 
realistically. His pictures arc extremely original through thetr sub¬ 
jects and they arc absolutely individual because the subjects ap¬ 
pealed to Catlin and were motives to him. There is nothing idealis¬ 
tic about his pictures; they are not imaginative; they are pure 
realism. His Indians arc not the Indians of romance nor of the 
warped mentality of hostile w'hitcs; his Indians are the real thing. 

Catlin is a great illustrater-painter. He painted endless incidents 
of the life of the American natives realistically and accurately. He 
painted his pictures of the wild Indians white actually living among 
them, with the scenes which he was pattiltng, the real history of the 
Indians, actually being enacted before him. And the result is that 
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as Tio other artisl, mahts ihe Indians a part oi their surround¬ 
ings, a part of the ;vild life of the plains, of the forests, of nature; 
he makes them a living part of their environmeiit. His pictures 
place before us the Indians in the chase, In the dance, in the tepee, 
in fact in all the incidents of life. He shows us in an urexcelled 
way how people nho lived by hunting with stone weapons obtained 
their livelihood; and he makes it dear that killing bisons and gtizily 
bears was anything but child's play to a man armed witli a stick 
tipped with a pointed stone. 

Catlin looked at the Indians with a friendly eye. He lived with 
them for years, he admired them as models and as characters, in¬ 
deed one might say that he loved them. The usual idea that the 
Indian is a lazy, good-for-nothing individual, who lets liis squaw 
work and stave for him, is realty a libel and is dispelled by Catlin. 
It is formed from the Indians on reservations, who received iheir 
beef and blankets from government agents. When the Indian was 
corralled and the bison exterminated, the Indian’s occupation was 
gone. The real Indian provided meat and skins for his family; food 
and the matcriids for clothing and teepees. To obtain meat and 
skins from deer, bison and grizzlies with a flint-headed arrow' was 
enough for any man; it took his time and strength. ’When he 
hunted day after day and week after week and year after year, in 
good and bad weather, in sunshine and si set, in cold and heat, he 
considered and he considered rightly, that he was entitled to have 
his food and his clothing prepared for hvn at home. He did not 
go downtowm to deal in finance, nor did he stand up in a store to 
sell millinery, but in his native conditions he was just as much a 
business man as any .American of to-day, and just a-s much entitled 
to find a good dinner at home in the evening with hts dress clothes 
laid out nicety brushed, as our liardest worked lawyer or physician. 

It IS a godsend for the history- of the American Indians that 
Catlin was never taught to draw, that he lacked the opportunity of 
studying and learning to paint like everyone else. If he had been 
trained in the schools of the day, probably he would have developed 
the what might be termed rather grandiloquent style of some of the 
so-called Hudson river school. Fortunately he did not. For as a 
result of being self-taught and of living most of his life in the wilder- 
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ness, Gatlin's painting is truly individual, it is unlike anyone else^s, 
a sure test that he had real underlying art powers. His pictures are 
not founded on tradition and therefore perhaps have a certain 
primitive look; indeed CatUn more than any American might be 
called a primitive. The painters of to-day would not see things 
a5 Catlin did ; they are loo learned. And from the standpoint of 
modem art some phases of his w'ork would be called bad, and yet it 
is probably accurate to say it is partly those vexy^ mtvH^s which 
make it so good, 

Catlin"s position among artists is unique. He devoted his life, 
with almost no pecuniary reward, to delineating the deeds and the 
artistic beauties of a vanishing race. His pictures arc the great 
record of our displaced predecessors. His incident pictures are 
painted directly on the spot, either from the Indians pK>sing for him 
or from memory immediately afterwards. He painted hundreds of 
such incident pictures from occurrences he actually saw^ No one 
else has done anything of the kind except most sporadically. No 
one could do it now. For all these scenes have disappeared from 
the face of the earth. Anyone in the future, artist or layman, who 
VL^ants to see how our Indians^ untouched by white eivOizationp ac¬ 
tually lived and appeared, must turn to Catlin* In the coming cen¬ 
turies the Indians more and more wall amalgamate and fuse with 
their conquerors and the more they do, the greater value wall scien¬ 
tists attach to the w'onderful records which Catlin ha? left of the 
copper-colored men who.once ranged and roamed in Avild and un¬ 
restrained liberty from Alaska to Tierra del Fuego. 


PARASITISM AMONG THE RED ALGM, 

By WILLIAM ALBERT SETCHELL, 

(Rcffd ^pril 19, 

The question as to when a particular plant is, or is not, a pa^site 
is often difficult to answer, although in many cases the parasitic re- 
laiion is readily to be inferred because of cerlam morphological 
peculiarities and also because of the apparent dependence of the 
one (parasite) upon another (host) in the matter of nounshment. 
The fundamental conception is, of course, that the parasite draws 
upon the host for materials of greater or less metabolic value, 
but, as to amount and extent, is difficult of demonstration and may 
be inferred largely from various indications of a morphological 

nattire. 

There are also to be Musitiered in connection with parasites, 
especially among the thallophytes, epiphytes and endophytes, A 
true epiphyte uses the plant upon which it grows only for mechan¬ 
ical support. Its metabolism is independent of that of the plant On 
which it grows. It is conceivable that even those epiphytes which 
penetrate the tissues of the supporting plant do so only in a mechan¬ 
ical way, although it seems probable that penetration is usually as¬ 
sociated with the establishment of metabolic relations. 

In case of the endophyte, a variety of relations seems to exist 
between it and the plant it inhabits. Epiphytes exist both among 
cormophytes and thallophytes. Endophytes are always thallophy-tcs 
and they may grow entirely within the body of another plant or only 
partially so. Some algal endophytes only penetrate between the 
layers of the outer walls while others descend deep among the cells 
of the plants they inhabit. It seems very possible that there may 
be parasitic relations between many, or most, of the endophytes and 

their “hosts" . , , j ,u; > 

Epiphytes are numerous among the red alga and, while no exact 

enumeration has been made, it seems safe to say that, at least, half 
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of the known species are epiphytes/ It is very desirable that these 
should be investigated as to theft relations to the plants on w’^hich 
they grow. Where epiphytes are constantly observed on a single or 
even on a few closely related plants it is to be suspicioned^ at least, 
that there may be some, even if slight^ parasitic relation. F^iysi- 
fyhonia fasiigiata (Roth) Grev.^ e. g., is an epiphyte whose constant 
occurrence on Ascophyftum nodcs^nn (L,) Le Jobs has been no¬ 
ticed. R. J. Harvey Gibson (1891, p. 132) states that **Tht attach¬ 
ment of the epiphyte to AscophyiJuffi is very intimate ” and says 
farther that “root filaments given off from the base of the frond 
penetrate deeply into the tissue of the host and wander amongst the 
cortical cells and meduilaiy^ hyphieJ' A similar penetration of the 
"'host'^ usually takes place from the base of Ftcrosiphajih IVaadH 
(Harv.) Falkenb. into the tissues of the Lamiuariacra it growls 
upon, as observed by N. L. Gardner and myself, CaUdhamm&n 
Lcjolhm Farlow penetrates deeply into the tissues of the nodes of 
the Amphiroa on which it is always found. Qara K. Leavitt (1904^ 
p. 294) describes the penetratEOn of Mkrodadm califomka Farlow 
and also of an unnamed spiecies of CaUithamnion into the fronds of 
Cailyinmm Phythpfwr'H J. AgJ^ The list will undoubtedly be 
considerably extended after carefully cxainining other '"epiphytes.” 
It remains a question as to whether such forms are to be considered 
as parasites or not. The Falystphoma is of low stature, but can 
hardly be considered as reduced. The Ptcrosiplionk and Micro- 
cladia are often found in very much reduced forms but not as a rule, 
and they show little, if any, loss of color. 

Certain forms of penetration of the plant upon which they ex¬ 
clusively are to be met with occur in the cases of Flacopitora 
Bindcri J, Ag. and corfr^a/d J, Ag, Both species grow 

on Codium and possess rhi^oidal filaments which differ from anv of 
the regular outer structures and which penetrate, at least, between 
the utricles of the Codium. This does not seem to indicate true 
parasitism. 

Among the marine species of Ciuinironda (or 
arc some epiphytes which are confined to a single “ hostand which 
are partially, at least, parasites (ef. Rosenvinge. 1909, p. &2), 
The plants of this genus arc all small, whether growing on rock* or 
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as true superficial epiph>l*?s, or as wholly or partially endophytes. 
Only one of these species has been observed to actually attack the 
cells of the host, and that is nfonfraHjja cytophaga Rosenvlnge, 
growing in the fronds of Porphyra umbiiicaUs, This species seems 
certainly to be reckoned among the parasites, 

Of endophytes or endozoie spedes there are a few reds. Be¬ 
sides species of Chaiitrattsia or Acrochetum alluded to above, there 
arc Schmilsidta cndophl/ra Bornet & Batters and RhodochQrton 
iiiciiibronaccum Magnus. These are simply witlitn the outer mem’ 
branes, the former of Cladaphora, the latter of Serf h fa riff, one of 
the Bryozoa- Somewhat more deeply, and also partially, endo¬ 
phytic is Rhodoch(}rtO}i sttbimmirsam Setchell & Gardner, whose 
main fiilament is totally included and whose short, erect tetraspo- 
rangia-bearing hranchkts are cniersed at their tips. There are sev¬ 
eral similar endophytes to he found among the red algte which may 
be slightly parasitic, but it is dififieult to determine this ivith ex¬ 
actness. 

In contrast with the various epiphytes and endophyics. such as 
those mentioned above, are those red algie which seem undoubtedly 
to be parasites. Tn placing these among parasites, three criteria of 
probable parasitism have been considered, viz., penetration, reduc¬ 
tion of thallus and loss of color. It has been considered that at 
least the first two ought to be present and in very evident form to 
constitute evidence of parasitism^ while the last may' or may not be 
noticeable. 

The undoubted parasite enters the host plant, as a rule, by 
rhizoidal filaments, or more solid haustoria, which penetrate beyond 
the superficial assimilating cells into the conducting tissues. It 
usually alsOi establishes more or less conspicuous pit connections be¬ 
tween its haustoria and the cells of the host. 

The reduction of the thallus or vegetative plant body varies much 
in the different parasites. As mentioned above, some dwarfing 
takes place even in certain plants which It seems best to consider, 
for the time being, at least, as epiphytes, bin in those usually reck¬ 
oned as parasites, dwarfing is extreme and usuaUy accompanied 
by a greater or less condensation of the thallus, resulting in tuber¬ 
cular growths of greater or less extent. Taken in connection with 
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penetration, extreme dwarfing or condensation of the thal]u$ may be 
taken to indicate true parasitism of greater or less degree. At the 
same lime the reproductive org;ari 5 present little if any metamor¬ 
phosis. 

In color, parasites varj' from little if any loss of pigment to cases 
where none is present. Loss of color is always associated wiih 
extreme penetration and ver>^ considerable dwarfing or condensatioti. 

It is only within the last thirty years that the fact has been 
realized that there exists a group of peculiar and undoubted para¬ 
sites among the red alg^e^ altltough a few cases were noted before 
that time. Probably the first reference to such a parasite is that by 
L>'ngbye in noting that cerlatn tubercles on Bredim** 

(Fhylhphora Bn^duci) called by him " Chtvt(>phora 
atid which had been considered to be the nemathecia of the plant 
on which they were found, were no jiart of the Sphirracoccti^'" 
but belonged to a parasite. This was in 1S19 (p. (I, ph 3, f. B, 3, 4L 
In 1834 Lyngbye describes this plant in more detail, naming it 
Chcrtophora subcutawa (1834, pi. 2135), but saying nothing defi¬ 
nitely as to its being parasitic, Kuetzing, in 1S43 (p, lyy, pL 45, 
f. IV), re-descrilied and named it AcfhwvQCCUS rosaa, seemingly 
unaw^are of the earlier description of Lyngbye. The species, wdiich 
now bears the name Actinococcussubcutatmis (Lyngb.) Rosenvinge, 
later became the object of a considerable discussion and difference 
of opinion as to its exact nature {cf* Schmitz, 1S93, etc.)* It i.^ 
now recognized as a true parasite by most phycologists. 

The second parasite belonging to the red alg?e to be recognized 
was Rkardia described by Derbes and Sober in 1S56 (p, 

209, pL i). This plants usually assigned to the Bonnemaisoniacese^ 
forms ovoid red bladders of larger or smaller size, oti the tips of 
species of Lmtrenda. Its basal portion occupies the apical pit of 
the branches o! the Laiircjirfa and penetrates into its tissue (cf. Olt- 
manns, tgos, p. 336, f. 58^)), 

In 1874-75, Reinsch published his “ Contributiones ad Algolo- 
giam and Fungologiam^" and in this he described a number of tu¬ 
bercles found on various red algie w-hich be believed to be ^larasltic 
members of the same group. Among the tubercles thus described 
by Reinsch, some are undoubtedly simply warts or pathologic out- 


SETCHELI^PARASITISU AMONG RED ALG^ 159 

growths of the plants on which they are found, but some are un¬ 
doubtedly parasites. Such are some of the plants belonging to his 
genera Cfioreocotax and Syriagocolax, but Reinsch did not find any 
cystocarps or other oi^ans of frutification on any of his specimens. 

Tlie work of Reinsch produced little immediate effect and the 
basis of truth in it was not recognized until some years had passed. 
In 1877, however, there appearetl the first convincing description 
and illustration of a parasitic red alga. In tills year, Solnis Lau- 
bach published hts paper on Jancsctvskia verntcg;fon»is which pos¬ 
sessed all the characteristics convincing of parasitism, via., deep 
penetration of the host plant {Laurctidu obtusa), reduction of the 
thallus to a tubercle and color varying from dark red, through 
orange to pale yellow. In addition to these, it showed cystcKarps, 
anthcridia and tetrasporangia. , In the case of /atircrtii'fftih. as de¬ 
scribed by Solms, there can be no doubt either as to the parasitism 
or as to the nature of the parasite. It is to be noted here also, that 
the parasite Is very' closely related to its host and Is the first of this 
sort of parasite to be described among the red aigse. 

Between the years 1S76 and 1889, little was done to further our 
knowledge of parasitism among the red algae. McNab (1S76) re¬ 
corded the finding of Ckafeocolox pe/yji/’/imiifF Rein-sch near Dublin 
and speaks of its tubercular thallus and penetrating rbiitoidal por¬ 
tion, but mentions no reproductive organs of any kind. Bornet, in 
1878 (pp. 97-99, pi- S^r f- i-S) described gn Jania rubens Lamour a 
very distinct parasite w'hich he named Mehbeda Thiirffti, noting 
that it had been described by Har%'cy as early as 1S49 (pi. 2oi) as a 
second kind of tetrasporanglal conccptacle of CoraHim squatnata 
Park. In iSSt, Solms Laubach (p, 57, pl- 1. f- 5 - pl 3 . ‘^) ‘In¬ 

scribed a second parasitic Comllina which he named Mehbesia dc- 
fortmns growing on and in latiia tmtalensis Harv, and whose apices 
it distorts through the action of its penetrating rhtzoida! filaments. 
Moebius, also, described a Ceraniiaceous parasite on Ceiilrvceras 
ctsi'uiatam (Roth.) J- Ag. in 1SS5 (pp.77-®o.pI 7), which he named 

Epfj^on'wHi ceHtr’ocerotif, 

The year 18S9 may be considered to be the real starting point in 
the genuine study of the parasitic red algte. Farlow (1889, p. 6> 
made known the tetrasporangia of Choreocotax Polystphomfe 


160 


SETCWELl^PARASITISAt AMONG RED ALG-^- 


Rcinsch. Schmitz and Rcinkc (cf. Rcinke, 1889, p. ^8) described 
llarvfyelh mirabilis (Reinsch) Schmit* ct RcLnke {Chortocolax 
inirabills Rcinsch) with its anlheridia and cyslocarps, and finally 
Sdimttz, in his “ Systematische Ucbersicht dcr bisher bckanntcn 
Gatitingen dcr Floridecn," enumerated eight distinct genera of para¬ 
sitic red algaCf viz., Actinotoctus Kuetzing, Ricardm Derbes et Solier, 
Chorcocolax and Syringocolax Reinsch, Jatfxsetcslita Soltm, JE^i- 
sporititn Moebius, Hanvyclla Schmitz et Rcinke and CAercoiiciiia 
Schmitz. The last genus was created to contain the Melobe^ia 
Thureft Botnet. 

ITic etiunteralion o^ S<!hiTiit2, (ogether with the di:acoverA' ol 
tetnispomngiap anthftidia and cystoc 4 arp 5 in and in Epi- 

sponum, the antheridia and cystocarps In Harveyirthj the cystocarps 
and tetrasporangia in C/iDri*j?w<?WKr^and the letra&porangiain Chorco^ 
col^x were qonvineirig as to the existence of parasites and led to 
search for more. In 1S9T+ Richards described the cystocarps as well as 
the tetrasporangia of Chon^ocohx P&iysiphottiiX Reinsch. In 189^ 
Batters made kno^im G&nhaophyUHin Biiffhami with its cystocarps 
and teirasporangia. In Schmitz published a discussion of the 
tubercular growths on %'arious red alga?, with a view to distinguish¬ 
ing those vvhich are true parasites from those which are merely 
warts or galls. In 1893 Heydrieh created the genus 
idium, a Rhodomelaecous genus parasitic on one of the Fucacex 
{fucQdmm) m Ktw ^^calatad. It is dwarf, penett^tmg and pro¬ 
vided with antheridia, cystocarps and tetrasporangia. In the same 
year* Schmitz published his ver>' memomble paper on Actinococcus. 
After a full discussion, Schmitz distinguished between AcfinQcoccHS 
and the true nemathecia of Fhythphora and enumerated lour species 
of Acim^c^enu besides two for and two for Stcrraca!ax, 

He also considered the placing of these genera* deciding upon the 
Gigartinace^, the same fanuly to which the hosts belong, rather than 
the Squama riaccae, where had previously been as- 

signed by J. G. Agardh. 

The Aciini^coccus paper of Schmitz provoked considerable dis¬ 
cussion. Darbishire (189^) who had been investigating the species 
of phylhph&ra very carefully^ held that the so-called A^ttn^c&caiS 
species tvere the true nemathecia of PhyUophora and repeated this in 
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1895. Later, in 1899. however, Darbishire, a{tcr the death of 
Schnutz m Published the result, of further tnvest.Eattou 

which resulted in finding the germinating stages of Acnnococcut 
in the antheridial cavities of the Phyllophora and came to the same 
iKiint of view as Schmitz, This point of view was also confirmed 

bv the investigations of Goniont (1894)* 

In 1894 Kuchuck described the tetrasporangial plant of Hanfcy- 
dta Mirobilis (Reinscb) Schmitz et Keinke. under the ^ 

Chorcoco!a.r dbtis, and in 1895 Batters published the genus Cath- 
colax of Schmita, a genus whose single species is parasitic on Callo- 
phyllis, which is very closely related to iUelf. 

In 1896^7 appeared those parts of PJigler and Prantl s 
*'Natuerlichen Pflanzenfamilien ” dealing with the red alg® and 
with whose preparation Schmitz had long been busy. The genera 
of parasitic red algs were worked over either by Schmitz himself, 
or by Hauptfleiscb or, in case of the Rhodomelaceai, by either 
Schmitz or Falkenberg. The total number of genera of iwrasitic 
red alg® was increased from the eight detailed in 1889 to nineteen, 
the five genera proposed as new in this work belonging entirely to 
the Rhodomelace* and parasitic on other members of the same 
family. 

Since rS97. additions have been made to the list of both genera 
and species of parasitic red alg*. One genus already proposed, 
viz,, Caliocalax, was not included in the Engler and Prantl account. 
This makes twenty genera known up to the close of 1897. Rosen- 
vinge added Ccratecolax in 189S (p, 34 ) and in the same year Foslic 
(1898. p. 7) created the genus C/ifft<?fi‘ffio« to receive tbe Meiobetia 
defonHans~Solmi. Falkenberg (i 9 ot) in his monograph of the 
Rhodomclacea, published more detailed descriptions and figures 
of the various parasitic genera of this family previously proposed 
by Schmitz and by himself, but added no new genera. In igoSr 
Sctchell and Lawson (cf, Sctchcll, 1905. P- 7 ) proposed the genus 
PcyssonMliapsis and in 1910 Setchell and Wilson) cf. Wilson, 1910. 
p. 81) proposed the genus Crafj 7 orio/-/n 7 o. which from their point 
of view- is a Cracifufit-ltke genus parasitic on a Graeilarta (cf, how¬ 
ever Eddelbiittcl, 1910, p. 230, 23 J. i’ld Svedelius. 191 1 . p. 

In 1913, Yendo (p. 283) described and figured a most interesting 
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new genus of parasitic red algae belonging to the RhodQmelace^> 
which he named The single species Is parasitic an 

other Rhodomelaceae, Finally, M. A. Howe (1914+ p, 90) has made 
known the genus Lob&c&hXj which he refers doubtfully to the 
Netnalionace^ ” (Helminthocladiace® Auctt.)- The single species 
forms tubercles on Prkfnilis d^cfpiens (Mont.) J. Ag. 

,To summarize the genera thus far proposed of parasitic red 
algfCp there were nineteen recorded by Schmitz and Falkcnberg in 
1897^ and six have been proposed since that time. In addition^ it 
may be stated that there are four additional genera as yet unde- 
scribed in the collations of the writer^ The total number of genera 
knoivn to the writer, therefore* amounts to twenty^^iiine. These are 
all reduced or condensed a$ to the thallus, penetrating and appar¬ 
ently forming protoplasmic connections with the liost plants and 
varying from full deep red to pure shining white. 

In regard to species, the number assigned thus far to these genera 
and fairly certain, nun^ber about fifty and it seems best to give a 
list of these arranged by families and to indicate in connection with 
each its host or hosts, in order that the basis for further discussion 
may be made clear. In this list there have been included only those 
species which seem fairly certain as representing definite and distinct 
parasites. All decidedly doubtful species are omitted. An * is 
placed against those species which are credited to hosts among the 
red aIg£E but not of the same family as the parasite and a t against 
those parasitic on Ph^phyceae, The rest are parasitic on red algse 
of the same family as themselves. 

H ELM IX THOCLADI ACE.E, 

*1. L&bacolax tfc/omflJiJ Hotve {1914)^ on Priomfh d^dpleiis 
Mont. J. Ag. 

GELn)lACE.E. 

^2. Choreocolax pohsiphontft (1874-75)^ on 

fasiigiata (Roth) Grev, 

*3. C/jorcocoftfjr himidus Reinsch (1874-75), on Ceramium and 
Cystochntum fmrpuracens (Huds.) Kuelz. 

*4. ChoreoediLT cysiochnii Kylin (1907), on Cyshchnium par- 
purasc^ns (Huds.) Kuetz. 
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*5. Hurvcydla mlrabHis (Reitisch) ScbmiU et Rfiinke (1889)- on 
Rhodomcla^ 

*6. Harveyetia l>achydcr,na (Reinsch) Batters (1902), on 
hria co«fen;^^des (L.) Grev. 

Gigartinace.e* 

7. ActiHococms subcutMcus (I-yngb.) Rpsenvinpc (1893), on 
PIO-//o;*J!rorfl Braditri (Turn.) J. Ag. and P. mt(rTul>ta 

(Grcv.) J. Ag* 

S. Actinococcas agffrrgatus Schmitr (1S93). Cymnogofigrus 
Cn§ithsi(c (Turn-) Marl. 

0 Aclinococcus pAt^rformis Schmitz (1S93) on Gymmgottgrus 
„orveg!ais (Gunn.) J, Ag. and G. (Turn.) J. 

10. Ach^'ccccus fu/ior Schmitz (iS^S)- o" Gymnog^^gn^s dihta- 

tus (Turn.) J* Ag. 

11. AcHnococcus mAlis M. A. Howe (1914). 00 CyniHo^oJi?™! 

discipiinaSis (Turn.) J. Ag* 

12. Acliiwcorctts Chiton M. A. Howe (1914). on Gymnogongms 

fiiiram (Turn.) J. Ag. 

13. Cotacolepts dfcipifKS Schmitz {1893), on Pili;i?(o/>/iora Here «t 

(Gem.) J. Ag. 

14. CoJacolepif intrustons Schmitz (1893). oa Phylhphora nenvsa 

(DC.) Grev. 

15. Sterrocolox decipicns Schmitz (1893), on AknfAdiia pSieata 

(Huds.) Fr. 

16. Sterrocohx crasAor Schmitz (1S93) on " Gytunogongrus fas- 

tigiafus vat. crassior Ruprecht, 

ly. Centtocolox Harlai Roscnvinge (iSgS). on Phyllophora ttifer- 

rupta (Grev.) J. Ag. . 

iS. Callocolax negtectus Schmitz (iSw). on CalhphyUts laeimota 

(Huds.) Kuctz. 

SpH.tmOCOCCACEj^-. 

19. CracUoriophila orysoides Setchell et Wilson {1910), on Grat> 

laria (L.) Grev, 
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Delesseriace.£. 

2a Gommophylluni BafflitHtu Batters (1892), on Httaphythm 
lacfiralum (Gruel.) Gnev. 

BoN' N E » A ISOM At'E.'f:. 

21. Ricardta Mofitagnei Derbes ct Solier (1856) on Lavrendtt ob- 

tusa (Huds.) Lamour. 

22. Ricardva Mottlagnei var. gig^intea Fariou-, a« Lmrenda sp. 

Hhodomelaceai. 

23. Jancsewskia t'errucarfaniih Soltns (1876), oti Lavrencia cb- 

tusa (Huds.) Lamour. 

24. Jancsnoskia tasmanka Falkenb. (1897), on Laurfiicia Fitrsteri 

(Mert.) Grev. 

25. Janesetuskia iwoW/orjwjj Sctchell (1914), on Clwndria atro- 

purpurea Harv. 

26. Jancscwskia lap paces SetchcU (1914)1 on Cbondris tiidifica 

Harv, 

27. Jarnrseu’fkia GffrrfiwyiV' SetehtU et Guernsey (1914) on Lauren- 

da spectabilis S, & R. 

28. Jancseu'skia Sotmsii Setehell el Guernsey (1914), on Lauren- 

da jubopposila (J. A^.) Setchell. 

29. ^ficracalax botryacarpa (Hook, et Harv.) Schmitz (1897), on 

Strebdctcladia ueglccfa Schmitz. 

tjo. Pleurostkhidium FaJkenbergii Heydrich (1893), or Xipha- 
phora dtondrophylla (R. Br.) Harv. 

31. rorarOKfeHid puldHaUtm Schmitz (1897), on Vidalia serrata 

(Suhr.) J. 

32. Cdacoda^ya (WcOKj^tffwa Schmitz (1S97), on Polysiphonia and 

H^lerosiphon ta. 

33. Cotacodasya verruea-formts Setchell et McFadden (1911) on 

Chondria. 

t 34 - Naplodasya Rdwholdii Falkenherg on Cysiaphora re- 

troftexa (Labill.) J. .Ag. 

35. 5 rr(?»Hifofar/u<j- parasiticus Falkenberg (1897), on PolysL 
phonia virgata (Ag.) Spr. 
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36. Tyhcoiajf mia-ocarpus Schmitz (1897), on Lettt^nmndiQ spcc- 

tabilis Sond. 

37. yetw^ium^nsis Yendo on Ch^ndria crassi- 

cautis Harv. and L&t^renda pamcnJata J. Ag. 

Ceramiace.^, 

*38. Syringocohx mccroblepharis Reinscli. (1S741 75) on Gdidiunt 
cartihghiemn (L.) Gaill, 

39. Episporimn ccntra^eratis Moebius (1885)* on Centroceras 
dufjilatnm Mont, 

SOUAMAMACEiE, 

*40. Peyssmfwliop^i^ epiphyika Setch^ll et Lawson (1905) on 
Mcredifhin calif arnica J, Ag." 

CoRALLINACEiE* 

41, Clwr^aficma ThurcU (Bornet) Schmitz (1SS9)* on Junia 

rtibeus Latnour and Corallifia sciuatnata E. & S, 

42. CbittoIiHwn deformam (Solms) Foslte (1898), on nataU 

cnsh Har^\ 

In addition to the spcdes listed above and which have been 
selected from the species published as being certain or very nearly 
so, there have resulted from collectionSp chiefly by K. L. Gardner, 
on the Pacific coast of North Amertcap some nine additional hut as 
yet unpublished species^ together with four additional generap also 
as yet unpublished, as noted previously. All of these spccie$ are 
parasitic on genera closely related to themselves. To make this 
more evident and, at the same time, to make ktio^m the distribution 
among the families of red algje of the new genera and specieSp a 
brief resume of these as yet unpublished spcdes is appended. In 
SphicrococcaceaEf, a new species of Gracitariophlia lias been found On 
Graciiark Cuftnrngharnii J, Ag.; in Rhodymeniacesep three new 
genera of a single species each on Fauchca laemtata J. Ag., Rhody^ 
menia Pahmfta (Esp.) Grev*?^ and on Plotamium ccccmeum 
(Huds.) Lyngb^i respectively; in Delesseriaceac^ two new species of 
Gctnmophytlnm^ one on Nik^phyUuin Rtiprechlianum J. Ag. and an- 
fnoc. A»Eiu mrt- wa* vol. lvh, l, jtsfr 21, 1916^ 
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other on a species of DelesscriQ, as well as a single species of a new 
genus on Nenroghssum Andcrsaniafiunt J. Ag.: and in Rhodo- 
niebceaTp two new species of Stromatacsrftiis on Ftcrostphonin 
Baileyi (Harv,) Falkenb. and on another species of the same genus 
respectively. These new genera and species are in a fairly advanced 
stage of preparatiot] towards description and illustration. 

In summarizing the distribution of these distinctive parasitic 
generap among the red atg^, we find the results as follows: 

Helminthocladiace* . i genus wnth t species. 

GelidiaceK .. a genera with 5 species. 

Gigartinaccas ^ , 5 genera with 12 species. 

Sphrerococcace^e 1 genus with 2 species. 

Rhodymeniacese .. 3 genera with 3 species, 

Delesseriaceae 2 genera with 4 species. 

Ronnemaisoniace?e ... 1 genus with 2? species. 

Rhodomelacea; ..9 genera with ly species. 

Cerarniacea; .. 2 genera with 2 species, 

Squamariaces ....... p * *. i genus with i species. 

Corallinaccx.. 2 genera with ^ species. 

This suniniar)' show's clearly the extent of the distribution of 
parasitic genera and species through the group of the red algss and 
the fact that they are, ihtis far, known only from eleven of the 
tiventy-one famtltes into which the group is usually divided. It also 
show^s that of these eleven families^ tivo^ viz,^ Gigartinacea! (wdth 5 
genera and 12 species) and Rhodotnelacex j^with 9 genera and 17 
species) contain one half or over of the know^n genera and species. 

Besides the literature dealing with the strictly systematic side 
and describing, for the most part new spedeSp there are a few papers 
which attend mostly io other matters connected with the parasitic 
red alg3?. Such, for instance, is the pv^per by Nott {1S97) discuss¬ 
ing the finding of certain parasitic red alga? on the coast of Califor¬ 
nia^ and a .similar paper by the writer published later {cf, Sctchellp 
1905), Sturch (i^^) published the results of a careful study into 
the structure, development, and nature of the parasitism of Har- 
veyclla imrahtlis Schmitz and Rcinkc and its systematic position. In 
i 9 D 5 t Oltmanns (p. 319 et seq.) discussed parasites among the algse, 
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particularly describing and illustrating the parasitism of i?tCBr<fia, 
Actinococctis, Harz'^yflh, Jaitcscitfskia, Slrouwtocarpits, Cltoreo- 
iieina Alflobtsia Thurvti Born,") and ChteloUthoit Afclobe^s 
d(*/oriH<i»tr Solms”)* The penetration, rednetion of the tliallus and 
natural relationship to the host plant arc all dealt with. This 
is the only general discussion of the parasitism of the red alg® thus 
far puldished. In lyio Eddelbiittel published a general account of 
parasitism among the red algm, with special reference, however, to 
Clioreocofox and Huxi'vyfllo. This account dealt particularly with 
the systentalic position of C^hoK^QColttx and //dnvyrffct, advocating 
removing them from the Gelidiacete, where they had been placed 
by Schmitz, and placing them among the Gigartinales, as Sturch 
{1S99, p. 9S) kid advocated. He also discussed CracHariaphila 
Setchell and Wilson (1910), suggesting placing it near, if not uniting 
it with. Chorcocolax. I am unable to agree with this latter view? 
because of the very tliffercnt structure of the cystocarp in the two 
gcncni, the essentials of which, viz., the different shape and ar* 
rangement of the sj>ore5, Eddclbuttcl did not niention or seem to 
consider in his discussion. 

From all the previous consideration, two things, at least, seem 
plain. First, there arc approximately twenty-nine genera and fifty- 
one species of undoubted aiid peculiar jiarasites among the red 
algic. Doubtless there arc many of similar character to be discov¬ 
ered- In fact, there is knowledge, but of unsatisfactory character, 
of the existence of a number of such. Doubtless also, there are 
some, possibly many, at least Jjartia! parasites among the various 
“ epiphytes ” and “ endophytes," so numerous in the group. 

Second, there is an overwhelming restriction in the matter of 
parasitism on other red alg^ and even on other members of the 
same family. Of 51 parasites .enumerated above, 41 arc fairly cer¬ 
tainly parasitic on another member of the same family. This is a 
little over 80 per cent, of the whole number. Of the remainder, S 
or a little less than 16 per cent, are parasitic on red algai not of the 
same family (J. c-, practically 96 per cent., therefore, parasitic on 
other red algff), while only two or a little less than 4 per cent, are 
parasitic on algae (brown) other than red. 

.'Vlthough acfjuainied with a far less number of cases Balters 
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{1S92, p, 66 unci 1S9S P- 3^7)1 Schmitz (1893, p, 390) and Olt^ 
manns (1905, p, 334) have all spoken emphaticnlljr of the fact that 
BO many of the parasitic red algsc are restricted to near relatives as 
hosts. Oltmanns further remarks (lot. cil.) that no siitisfactory' ex¬ 
planation of this can be brought forward. The suspicioii has been 
produced, especially earlier isi the progress of oar knowledge, that 
some of these parasites^ especially some species of Aciiiti>cac€USj^ are 
really parasitic tetrasporangial generations of the hosts they inhabit. 
Darbishire (1S99, p. 264) has voiced this suspicion and has stated 
his opinion that w^hile this is not inipossible, it is not veiy' probable. 
The probability, as it seems to the writer I is, however, that the various 
parasites, or some of them, niay have originated in close connectioii 
>vith their hosts by some mutation decreasing the chlorophyll con¬ 
tent or power in one or other of the different forms of spore. Such 
an inducement to increase the power of penetration and possible 
protoplasmic connection bet-^vcen a spore (telraspore or carpospore) 
germinating in position mighty it w'ould seem probable, initiate para¬ 
sitism on the parent plant, and this parasitic icndency increasing 
penetration and dwarfing, might, therefore, be inheritable. 

There is one case known which seems to be such a case or in 
line with such action^ This is the condition found In Agardhidh 
tencru (J* Ag,) Schmitz {"*\Rhahdonki J. Ag.) by Oster- 

hout (1896)^ It was noticed that the tetrasporangial plants have, 
in many cases, numerous short bristlc-Iike branches or proliferations 
projecting at right angles to the main stem and branches, but that 
the antheridial and cystocarpic plants are always destitute of them. 
Examination showed that these peculiar hranchlets are usually an- 
thcridial, wliile full-stzed antheridlal plants are rare. Sometimes, 
how'cvcr^ the bristly short branchlcls have tetra sporangia or cysto- 
carps and the three kinds of reproduetivc bodies are sometimes 
bome on hranchlets side by side. Some of the branchlets remain 
sterile “but in the majority of cases they bear reproductive organs 
before they are more than a quarter of an inch in length;” (Oster- 
hout, loc. cit-( p- 420.) 

It w'as found by Osterliout that the zonatc tetrasporangia divide 
in regular fashion forming w'hat seem to be four tetraspores each, 
arranged serially. These spores then sometimes divide further by 
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oblique divisions and as this continues tbc contents of a tetrasporan- 
gium act as a whole, producing penetrating rhizoidal filflLineiits below 
and a regular, though much dwarfed, Affoi'dhscUti-iToiii above. The 
rhizotdal filaments penetrate even into the region of the medullary 
hyphae of the parent plant and establish “ secondary connections ’* 
with them. There seems certainly to be here a parasitic red alga 
in the making. There exist full-sized plants of AgardhielU teHtra 
of all three sorts, viz., antheridial, cystocarpic and tctrasporangial. 
There exist also dwarf plants, parasitic on, but arising from, the 
tetrasporangial plant. While these dwarf plants, and they are very 
much reduced and simple, are laigely antheridial, yet, according to 
Osterhout,, all three kinds of dwarf plants, viz., antheridial, cystocar* 
pic and tetrasporangial, may exist side by side, all parasitic on and 
probably arising from the same full-sized tetrasporangial plant. In 
order that our knowledge of tliis interesting and seemingly very sig* 
nificant case may be more complete, it is very desirable tliat culture 
be made from tbe spores (both carpospores and tetraspores, if ob¬ 
tainable) of the dwarf plants. It is verj- desirable that this be 
undertaken by some investigator who has access to abundant growths 
of these plants. The very similar species, AgardiiicHa Ceultm 
(Ilarv.) Setchell, of the California coast has not been observ'ed to 
produce dwarf plants (or bristly proliferations) from the letra- 
sporangial generation. 

In summarizing, then, the aim of this paper, it may be Said to 
be intended to indicate how' general is tbe extent of the parasitism 
of the parasitic genera and species of red algs upon their near rela¬ 
tives and to draw' attention to the similarity of these cases and the 
case of the production of a dw'arf parasitic generation from the 
tetrasporangia of Agoi'dkkKa lencra and with the hope of suggesting 
the probability of their origin, 
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AN ANNOTATED TIL^NSLATION OF THE PART OF 
SCHWEINITZ^S TWO PAPERS^ GIVING THE 
RUSTS OF NORTH AMERICA. 


Bv J. C. ARTHUR ANB G. R BISBY, 

(Rtad Aprii is. 

L^wis David von Sdiweinitz was elected to membership in the 
Amcricao Philosophical Society in iBlj, one hundred years ago. 
He was at the time a resident of Salen% North Carolinap a talented 
man of forceful character, secretary of the Moravian Missions of 
North America, and with one important bo^ical work to his credit. 
In 1S05 there had been published in Leipzig a volume describing the 
fungi about Nieskwr a towm of Saxony (later of Prussia), being the 
joint product of teacher and pupil during Schweinitz's lour years" 
college course. The plates of the volume, with more than a hundred 
figures, were drawm, engraved and colored by Sdiw^einitz, and much 
of the text bears the impress of his labor and judgmenu 

After five years of college teaching subsequent to his gradua¬ 
tion, and five additional years in the ministrv', lie relumed to 
America as general agent of the Moravian church in the Sonthem 
States, and became the pioneer mycologist of the New^ World, He 
was the only mycologist in the United Stales ivho added materially 
to the literature of mycology during the half century following his 
recognition by the American Philosophical Society. His 
opus^ w^hich was truly a colossal w'ork for the times, no less a work 
than a iystematic account of the known fungi of North America, 

iThe papers referred to are the following: 

" Synopsis fungorum Camlinx superior is semndnni obscrvaliones,'' 
Sthrifim N&i. t: 30 -iji. 1S22. The msts on pp. 65-^75. 

"Synopsis ftingorum in Aroerica Boreali media degentium sciniiiduni ot>- 
servutiones,” TrtSMj. PML Soc-, H, 4: 141-316. 1833, The rusts on 

pp, 2oSr 290-397, 306-314^ 

^Albertini & Sdiweinita, ** Conspectus fungorum in Lusat^ superioHi 
agro Niskiensi creacenHum,** pp. 376, pL cot 12. Upsise, i§o5. 

FROC. AMER. Ftttt-, SOC LVIL JULV 1^, 

175 


174 AKTHUR-^BISBY-^TRAXSLATIOX OF SCHWEINITZ'S 


with nearly 4,000 spedes and 250 genera, was presented to the scien¬ 
tific world through the Traitsacii&ns of ^nEcrfcmi Phihsophi^al 
Society, having been transmitted to the Society April 15, and 
issued in printed form about a year later. It is usually spoken ot as 
a "'Synopsis of North American Fungt” from the secondary title 
used at the top of the pages. 

It seems, therefore, especially fitting that on the centennial anni¬ 
versary of SchwetniU's election to membership, the Society should 
take cognizance of his eminent and invaluable services to science, 
encouraged and aided as they were by the Society's approval. 

No second attempt has followed Schweinitz's effort to present 
a full survey of the fungous flora of North America until recently, 
when the “ North American Flora,” to include all classes of plants 
from the highest to the lowest, was projected and supported by the 
New York Botanical Garden. In this work the f ungi are to occupy 
ten or more imperial octavo volumes, and the text is to be supplied 
by many specialists. One volume is to contain the Uredinales, or 
rusts, and its preparation has been intrusted to the senior writer o-f 
this article^ aided by the junior writer and other mycologists. In 
pursuance of this work it has become necessary to know definitely 
the extent of the contribution to the subject made by Schweinitz, an 
amount so considerable in fact that his name is encountered by the 
systematic student of the American rusts in much the same way that 
the name of Linnaeus is encountered by the student of the flowering 
plantSx The result of the detailed examination of the specimens in 
the Schweinilz herbarium^ now deposited with the Academy of 
Natural Sciences of Philadelphia, and the interpretation of his pub¬ 
lished account in the light of this study of his original materialp are 
pre^nled to the Society' in the following annotated translation from 
the Latin into English of that portion of Schwemitz*s works pertain¬ 
ing to the rusts. 

In Schweinitz's day the rusts were not recognized as a distinctive 
and sharply defined group of fungi, as they now are, but were to 
some extent classed with other fungi occurring on living or languish* 
ing hosts. They arc all of microscopic size, but usually produce 
some characteristic discoloration or hy^rtrophy of the substratum, 
tvhich aids in making them noticeable. In a few instances these 


PAPERS GIVING RUSTS OF NORTH AMERICA. 176 

changes in the host atnotinc to conspiaious alterations that attract 
the casual observer, as in the case of “cedar apples," and all the 
more so becatise the distortions are often accompanied by brilliant 
coloration. 

For the study of these small objects Schwcinitz was dependent 
upon lenses of poor definition and no considerable magnification. 
His chief instrument was undoubtedly the pretentions one now in 
the possession of his grandson, the eminent oculist of Philadelphia, 
Dr. Geo. dc Schweinita.* This is still in almost or quite as food 
eonditlon as w'hen purchased probabl}' some time prior to i8iy. It 
was evidently one of the best instruments to be had at that period. 
As was pointed out in an early paper pertaininf to the rusts, the 
first published on the subject by the senior author,* a niagnilicatiDti 
of dry spores amounting to seventj'-five diameters will five an ap¬ 
pearance ansivering to the most detailed parts of Schweinitz’s diag¬ 
noses. It is considered by Shear & Stevens,* who kindly loaned to 
the writers during the preparation of this paper copies of their 
manuscripts embodying results of researches pertaining to Schwei- 
nita’s scientific labors and collections, that Schweinitz had to deal 
with a greater handicap than low magnification in his microscopic 
work. They find that the lack of spherical and chromatic correc¬ 
tion of the lenses and the poor illumination must have resulted in 
decidedly inferior definition. 

But in many cases it is dear that Schweinitz drew up the descrip¬ 
tions of his new species without making use of this instrument. 
He doubtless had some form of hand lens, although considerable 
inquiry has failed to reveal any present trace of such a glass. Even 
a simple hand lens seems not to have been used at times, and in 
general much dependence ivas placed upon the gross appearance 
and the changes wrouglit in the host. 

It would he interesting to know what facilities in the w-ay of 
books were possessed by Schweinitz, Probably his botanical 

* The initniment was kindly taared by Dr. de Schwelnits for dispUy 
before the Society at the projentation of this paper, and is illustrated by 

Shear ancl Stevens sn for July, igij, 

* Arthur, " The InEfirpretation of SchiveJnitiian and Other Early DescriD- 

tions " Am^r. MuL, ij \ Jan,, 

1917, 
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library was not large, but what works it contained can only be in¬ 
ferred. There are no records of books having been given to the 
Academy of Natural Sdenccs of Philadelphia or to the American 
Philosophical Society, and no such books are now in possession of 
his descendants. In a letter to the senior author, dated December 
2, 19(6^ the Rev. Dr, Paul de Schweinitz^ secretary' of missions of 
the Moravian Church now living at Bethlehem, Pa,, says that his 
grandfather who died in 1834 “left four sons, the oldest of whom 
[Emil] vras only eighteen. The presumption would naturally be 
that when his tvidow died twenty-four 3^ears afterward [in iSsS] 
his [botanical] books would have been divided among the sonS;, hut 
1 do not recall seeing any in iny father's library. My father 
[Robert] w'as the last of his four sons to die/* The widotv of the 
third son, Mrs. Edmund de Schw'cinitz, is still living in Philadelphia 
and graciously received Dr, L, Shear and the senior author on 
the evening of February' 5^ I9i7t but did not recall having ever seen 
any of SchAveinitz's botanica .1 books. 

It is probable that the current works of Pursh, Midiaux, Nnttall, 
Darlington^Bartram^Torrey, Barton, Mulilcnbcrg,artd! other American 
botanists of the time were at his disposal in studying the flowering 
plants. Of these doubtless Barton’^s “Flora of Philadelphia” 
(iSiS), but above all Aluhlenberg*s “Catalogue" (1S13, 2d edition 
in i8i8) and Torrey*s writings were in constant use. Although 
Amos Eaton^ of Yak College, published a '^lilanual of Botany " in 
j8iS, with successive editions nntiJ iS^o, it does not appear to have 
been his guide in matters of nomenclature, 

■ There were no American works on fungi at the time Schweinitz 
was most active in preparing his imponant contributions. Naturally 
he brought to this country tbe knowledge and many of the books 
which had aided in making the " Conspectus of Fungi about Niesky,” 
prepared by himself and his teacher, Albertini, a work of standard 
value. In that work, as well as in the Carolina list he followed 
Per soon very closely as his model, and did not think it advisable to 
attempt any marked deviation from what he considered an authori¬ 
tative nomertclahire and systematic arrangement In 1S25 Link’s 
treatment of the Hyphomycetes and Gyrnnomycetes for Willdcnow’s 
edition of the "Species Plantaruni” became available, and received 
Schweinitz’s full indorsement. 
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Among the innovation$ introduced by Link and adopted by 
Schweinitz in hts later work was the use of tlie genus Ctroma to in¬ 
clude what had before passed under the genera Urcda, MddtUiHf 
Piridennium, etc. These older genera were only half ingested, 
however, and a sort of double generic name was made, that is, the 
genus and subgenus were used t<^ether: it was Ctrouio (Uredo), 
Ca' 03 ua (./iicidiuttt) , etc. But this proved too clumsy for general 
use, and we find Schweinitz constantly reverting to the older nomen¬ 
clature in his comments, as under 2887, Cffotfia (JEctdium) lumi- 
natum, he speaks of "this jEcidium.'^ not of this Ctfoitia, or of this 
CeFOma (vHcidtuiB). Link’s genus CtFoma never found much sup¬ 
port, and eventually fell into disuse, although the older application 
of the name as a genus coordinate rvith Uredo, JEcidittm, etc., is 
still in favor, these names in the most modem usage constituting 
form-genera. In the list of species placed by Schweinitz at the end 
of the volume, as those first detected by him in .America, he lists 
JEtidiiftH, Ceratites and PtridFrininm with initial rank, each with 
CffOnta as subgenus, leaving Ceroma as a genus to include only the 
one subgenus, Ur^do, thus indicating some revolt, or at least incli¬ 
nation to deviate from Link’s method. That the form of name 
given in the final list was no careless indexing but the conclusion of 
mature judgment seems certain from the use of one of these names 
in the description of 2932, P. inveslita, where he speaks of" ^riyfifjn 
fftiapholitalunt,” the name in the final list, and not of CtroHHi Gtiaph- 
aliatum, a$ given in the body of the work under 2S73, 

Another unfortunate innovation by Link faithfully adopted -by 
Schweinitz was the change of specific names having the form of a 
proper noun, usually in the genitive singular, to the form of an ad¬ 
jective. Thus Mcidiittrt Galii became Caretm galiatum, A. Ber~ 
beridis became C, bcrbefidalum^ A. became C. ttoidfifiH, and 

so on for a dozen or so well-known names, and to this list Schwei¬ 
nitz added many more, i. c., Cffoma pyrolaiuni, C. hcpaticatum, C. 
myricuttwr, C. dracoHlionahtmj C. houstoniatumf C. pedatatum, C. 
cIntnatHatittH, C. htltanfholunt, C, iTaclichfoliat'uttt and eighteen or 
twenty more, all of them again listed under “.^dium (Cwma)” 
at the end of the volume. These changes with few exceptions were 
made under the genus Cffoma. Link changed a few' specific proper 
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nam^s under the genus Pi^ccmin from the singular to the pluralp 
thus F. Gatii became P. Galicnnn, Priini-^piriosar became P. Prw- 
norum, P, became P. Viohnim, etc,p and Lii this was imitated 

ED some extent by Schweiihtz as in the change of Pwccliiiu HeltaHihi 
to Pi Hciianthorum. 

AH these changes were with the clear intent of making the name 
more accurately and fully repre-Tent the facts pertaining to the 
species. It was an attempt to carry out the idea that still persisted 
from prc-LiniiSKin times^ that the name should embody some cliar- 
acterisEics of the thing named^ and in so far as a binomial nattie per- 
mitted^ be descriptive^ It was logicah consequentl3'^ to bring the 
name down to date, and upon ascertaining that the rust on Pra^ji«j 
was not confined to one species of Prumis^ as at first supposed, but 
occurred on more than one, to change the name from Pitcctma 
Pnini-ipiuoscr to P. Prriworff^f^ and similarly so for other cases. 
The same result was even better attained by using a generalized ad¬ 
jective form for the specific name. It must be borne in mind that 
DeCandolle^s dictum that the first name given to a species was the 
only legitimate name and should not be changed because found to 
be inappropriate had only l>een stated in iSi3i and had received no 
general adherencCp certainly" not by German authors. 

Along with the belief in descriptive names went the prevalent 
idea of the nature of species. Species were treated as concepts. 
This accounts for Schweinitz'^s insistence that when Link transfers 
one of Schweinitz^s si>edes to another genus and abo changes the 
specific name in accordance with reasons Just stated^ or any others 
k is Schweinitz and not Link who sshould be cited for the new fonti 
of the name. Schweinitz established .L^rfJuiwi C^ladiif and Link 
changed the name to C^oma (JEddinm) ^r^tdatum^ yet Schweinitz 
places his initials after the latter name to indicate that it is his 
species {I. c., his concept), and not Link's species. And so it comes 
that the names first published by Ltnkp CiPoyna lumimfum, Fuednia 
acul^ctta, P^disoiHQ macrapus, and many others, founded upon 
Schweinitzb earlier descriptions of species differently named, are 
followed by the initials of Schweinitz in his later work. 

The collection of Schweinitz^s fungi at his death in 1S34, was 
left to the Academy of Natural Sciences of Philadelphia. Each 
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specimen was preserved in a paper packet, made by folding over the 
sides of a sheet of paper until they touched or somewhat over¬ 
lapped, then folding over the ends in the same manner and in the 
same direction. On the back of the packet an autographic record 
was made in ink. Wh^ii a change was necessitated in the label by 
the adoption of Link's nomendature, or for other reasons, tn many 
cases the packet was tsot discarded, but refolded inside out and the 
data replaced in the new form on the back. This conservative prac- 
tice^ doubtless adopted merely as a convenience in handling, has 
given a chronologiaif record that has often proved of much value 
when studying the original materiah as showing changes in Schw^ei- 
nitz's views regarding the best form of the name or the identity of 
the material. The packets were of no uniformity in size, but v^aried 
from about three by six centimeters or smaller up to six by ten cen- 
timeters^ and a few’ still larger. 

Some thirty or forty of tliese packets were placed loosely in 
large envelopes, folded in a similar mamicr to 22 by 3S centimeters 
from heavy steel-blue paper, and a list of the species inclosed TLvrit- 
teti on tite back. Three to five of these envelopes according to bulk 
were put into a pasteboard portfolio of the same size and seven or 
eight centimeters in thickness, and tied with tape, the back being 
lettered with the consecutive number and the genus represented. 
The whole collection was contained in 39 portfolios, making a series 
of shelf volumes tn outward appearance resembling a set of the 
modern bound fiitigi exsiccati. All the fungi were placed in one 
series, the European* North American and Svirhiam specimens 
being intermixed. 

The part of Schweinitz's work on North American Fungi with 
which this paper has to deal is with the exception of eight species 
comprised under the tw^o genera Cisroma and Puccinia. The mate¬ 
rial under Cfcoma, both American and European, occupies the five 
envelopes in portfolio no. 38, and embraces 243 packets, qf which 
considerably more than half are now empty. The materiat under 
Piiccmia occupies t^vo of the envelopes in portfolio no, 39, and 
embraces S4 packetSt more than half being empty. Altogether 
under and F«fcinm 178 collections are European, 130 being 

without specimens, tS are from Surinam, 3 without specimens^ and 
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T31 are North Americaii, 60 withowt speciniens, mstltirig a tot^ of 
327 packets» of which 193 are empty. 

So far a^ the North American material in the portfolios is con¬ 
cerned, it is only the surplus after a suitable part had been removed 
for mounting. The Schvveinitz collections representing his work 
on the North American Fnngit were mounted by Dn Ezra Michener 
mostly during the years 1S56 and 1857. As pointed out by Shear & 
Stevens (Mycohgia, 9:337- 1917) the packages of fungi and the 

mounting material were sent by the Academy of Natural Sciences 
of Philadelphia to Dr, Mfehener, the work being done at his home in 
New Garden^ Pa. Even at that time some of the packets were empty, 
as in a letter to Rev. M. A, Curtis Dr, Michener says: ** I have been 
grieved to find a number of the envelopes either missing or empty. 
They were doubtless essentially in the same condition \rhen they 
came into the possession of the Academy some twent>' years before. 
From a letter written to Dr. John Torrey by Schweinitz shortly 
after his return from Europe in 1819 we Icam that he had taken 
a full set of specimens illustating his new species together with a 
list of his American fungi abroad w'ith him and left them with Dr, 
Schw'agerichen at Leipzig. This tvas the North Cnrolitia list printed 
not long afterw ard at Leipzig under the editorship of Dr. Schw'ager- 
ichen. It is not known w^helher or not these specimens are yet in 
existence. Taking out this set may have nearly or quite exhausted 
his supply in 50 me instances. Specimens were also sent to no less 
than fourteen individuals and herbaria according to Shear & 
Stevens,* among them being his correspondents at Upsala, Kew, 
Edinburgh^ Taris^ Berlin* Vienna and elsewhere^ w^hich doubtless 
drew heavily upon his material at times. 

So far as concerns the part of the collections examined by the 
writers it seems that Schiveinitz wras usually in the habit of making 
hut a single collection to represent a species and ^vhen he observed 
the same species in another locality he merely added the new locaU 
ity on the outside of the packet. In a few cases he preserved col¬ 
lections, made by himself or sent to him by others* illustrating dif¬ 
ferent hosts^ as of 5826 C^owiu (Ur€d<?) Solidaginls^ Occasion¬ 
ally he appears to have replenished an exhausted packet by a later 
9: 333, 1917. 
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collection as under 2930 Pitccinm Astcrts^ the packet says "on Aster 
pmkulatus" but contains only material on A. eordlfoimSr In rare 
instances he may have placed a second collection of what he believed 
to be the same form in a packet still having' some of the original 
collection. In most caseSp howevecj the specimens now to be found 
in the packets appear to represent Schweinitz''& first American eoU 
lection of that form. And $0 it comes around that when a species 
had first been found in North Carolina and subsequently found in 
Pennsvlvaiiia or elsewhere the material preserved to represent it 
generally is the North Carolina collection. This is a most fortu¬ 
nate situationp as the specimen is thus the type for the earlier of 
Schweinitz^s names^ when a change was nrade in the latter work. 
The present priority rules require the use of the earliest specific 
name which in the present connection is a name usually much to be 
preferred for its brevity and aptness. 

The fungi from North America in the portfolios as presented 
by Schweinilz to the Philadelphia Academy were labelled in ac¬ 
cordance with his work on North American Fungi^ and in large part 
constituted the basis for that work. Under the genera Ca^fna and 
PMCCudo only one North American specimen occurs not mentioned 
in his published account. It is labelled Radium Dircaiututn Ind.,” 
and must have been collected upon his visit to Hope, Indianat >vherc 
he went to organize a church. This was in the summer of 1831 
and doubtless too late to have the name placed in his manuseript. 
The packet contains three leaves of Dtrca, 5 by 7.3 cm,^ 4 by 8,5 
and 5 by 6 cm.i the last with part of each end removed^ each leaf 
bearing a single small group of secia. 

Besides the specimens which Schweinitz carried abroad, and 
those sent to his European correspondents as mentioned above, 
many wrre sent to his American correspondents^ and especially to 
his intimate friendn Dr. Torrey, The last were finally given by 
Torrey either to Curtis and are now in the Herb, Curtis at Harvard 
Universityp or to BerkeleVp and are now in the Kew Herbarium* 
After the collection came into possession of the Philadelphia Acad¬ 
emy portions of specimens were removed by Curtis for purpose of 
study daring a seventeen-day visit in 1S51 (Shear & Stevens, 
Mycologia^ 9*335)i part of which were transmitted to Berkeley, 
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Not long aftervvard the Academy arranged with Dr, Michener to 
place the collection in a more secure and accessible form* Curtis 
having been largely instrumental in bringing this about. 

In mounting the collection a representative portion, or all when 
the material was scanty* was taken from each packet and glued to 
uniform slips of white writing paper S by lo cm., on which the 
number^ name, and source were written as given in the North Amer¬ 
ican Fungi (see cut under no. 2881). In some cases the material 
was placed in paper packets that were glued lo the slips. These 
mounts were consecutively arranged by pinning them to the inner 
page of folded sheets of brown paper, and the sheets placed in 
heaxy board portfolios. The portfolios, i 2 altogether* are 26 by 
36 cm. and tied with tape. There ate 85 mounts under the genus 
of which five are smuts, and some others belong to non- 
uredinalcan species, as stated under the sevcr^il numbers in the sys-* 
tematic account which follows. There are in addition 6 mounts 
representing rusts, two under Spko'rmj one under Seiridhtm^ one 
under Gyj/fnoj/^orow^jMMi, and two under Pod iso mil. The whole 
genus Puccinia is unrcpresetiied. 

When the senior author was prepariiig to make his first visit 
to the Academy for the purpose of examining some of the types in 
the Schweinit? collection, be learned from Mr. \W C. Stevenson, 
jr. (in letter dated Oct. 19^ 1898), a member of the Academy, that 
part of the mounted collection had disappeared. Few persons 
had been critically interested iu rusts in the recent years, and it 
was easy to ascertain that none of them had knowledge of the 
whereabouts of the missing specimens. No one then belonging to 
the Academy could give any In forma tion* It was generally be¬ 
lieved that the missing sheets woutd eventually be found in the 
herbarium rooms of the Academy. However, a subsequent search 
failed to bring the ttusslng material to light. The researches of 
Shear fi: Stevens regarding the history of the Schweinitz fungi 
have shown quite conclusively IMycologia, 9:340. 1917) that the 

material representing nos. 2905-2946 embracing Puednia and some 
subsequent genera, was moiiiitcd by Micbener and that the mounted 
part must have disappeared later. The original packets are still in 
their envelopes in the portfolios. Fortunately there is some ma- 
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terial of Schweinitz's forty-two numbers under Pncdnia in the 
autographic packets and also in other herbaria* Dr. Farlow states 
that 32 of these nuiiihcr5 are represented in the Herb. Curtis at 
Har^^ard University and Dr* Shea^r writes that there are 37 in the 
Michener collection at Washington. 

The senior author lias consulted ihe iiart of the SchwemitK coh 
leciion containing the nists a number of times between 1899 and 
I9I7^ for a few hours or a few days each tiniCj as other duties de¬ 
manding a visit to Philadelphia or nearby cities permitted. The 
first visit of three hours' duration was on Feb. 17, 1S99P and a second 
one of about the same length of time on .Aug. 4 r 19®^- ^his 
second visit the impossibility of satisfaciorily deciding upon the 
identity of many of the collections without better microscopic facili¬ 
ties and more time than could be hoped for while in Philadelphia 
was forced into prominence. A bit from an ^mple specimen^ such 
as would furnish a few spores for examination under the micro¬ 
scope, could be carried away when the need was greats uHthout a 
feeling of having done harnt to this precious historical collection^ 
but many specimens were too meager for such liberties* About a 
score of specimens of the uiimoiinted material were selected at this 
time which most needed study and a rcc|uest left to have theni sent 
to I^fayette, Indiana, for more careful exanunation. But the 
authorities of the Academy had become wary^ their ^itleution having 
been called recently to the mysterious hialus in the mounted set, 
including tiie important genus Fi^rcffiea^ and had decreed a general 
ban on all loans. It was not until 1915 that the rcgulaticms w^re 
so far modified that the privilege was obtained to study these spcci- 
mens microscopically for a fc^v days in April of that year at the 
laboratory in Lafayette. 

During the foi^r days of December 2S-31, 1903. many hours 
were spent in consulting the collection, at which time the senior 
author was assisted by Dr. Frank D* Kcm, and again much study 
tvas given the collection during the five days of December 28^ 1914. 
to January i* 1915^ assisted by Dr. F. D. Fronime. The senior 
author also consulted the collection on Februaiy^ 5^r2p and April 
11-14, Shear being present p^a^t of the time during 

the April period and giving valuable assistance in interpreting the 
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data. A few hours of study were also given on other dates not 
now definitely in mind. In order to verify and complete the mass 
of information secured in this fragmentary^ maimer the authorities 
of the Academyj upon presentation of the situation by Dr+ Witmer 
Stone, the acting; curator, most generously transmitted all of port¬ 
folio 38 and 39 of the original setp and the final portfolio of the 
mounted set. These were received in Lafayette^ Ind,, the latter part 
of April, ^9^7, and returned the latter part of February, 1918, in 
exactly the same condition as when received. Owing to this in¬ 
valuable opportunity for verification it is believed that the statistics 
given in the following account are accurate within the limits of ordi- 
naiy^ error. 

It has been the privilege of the senior author to examine many 
collections of mkro-fiingi, and he can say advisedly that the 
Schweinita collection shows great care in its labelling and arrange¬ 
ment^ and considering the vicissitudes of practically a hundred years, 
in which the requirements of correspondents, the need of transmit¬ 
ting specimens for examination, the later consultations by visiting 
my colog istSj the ravages of insects and the accidents incident to 
handling by attendants, is in a remarkably good state of preserva¬ 
tion. The packets would have been somewhat more secure^ if they 
had been folded after the modern manner by overlapping the edges 
more and folding the ends in the reverse direction from that of the 
5ides. But as it is^ there is litde evidence that specimens have been 
lost out, or intermixed to any harmful extent. To Insure further 
protection and facilitate examination in the future the senior author 
in February, 1917, after consultation with Dr. Shcar^ and Dr. Wit¬ 
mer Stone^ placed each packet still containing any material found 
in the seven large gray envelopes marked C<Boma and Puednia, 
whether American or foreign, into small manila en%'elopcs and 
wrote the name on the front. Of the 140 numbers in the North 
American list under the genera Caconm (exclusive of the subgenera 
Albugo and Ustitago}^ Fuocmia, Fhragmidiiim, PodlsQfna and Gviif- 
nosporongiumj, 103 are represented at this date by specimens in the 

' Dn Shear, of die Byreau of Flaat Industry, Washington, D. C, and 
the senior author are meinbcirs of a commltteHc f roni the American Phytopath- 
ological Society to give whatever assistance may be possible in the preserva* 
tfen of the Sehweinita Herbarium. 
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collection at Philadelphia, either in the original autt^raphic packets 
or mounted. Of the additional species of rusts, two under the 
genus Sphtsria and two under Seiridiutn, there are three represented 
by specimens. 

The careful and conscientious tvorfc of Schweinita is further 
evident in the identification and naming of his material. This can 
be shown by examination of the species which Schweinitz consid¬ 
ered to be new, and to which he attached hJs initials. In the North 
Carolina list there are 43 such species under the genera Mcidittm, 
Uredo (exclusive of the subgenera Albugo and Ustilago), Patriitia 
and Gymnosporongium, and of these only one was wholly misun¬ 
derstood, nine are still accepted under the full names given by 
Schweinitz, twenty-one still have the same specific name but are 
placed under other genera and fourteen only have the name wholly 
suppressed under synonymy. In the North .American list there are 
88 names fottow'ed by the initials of Schweinitz under the genera 
Cffoma (exclusive of the subgenera Albtigo and Uftilago), Pitc- 
ctnia, Phru^fjiHfiriiJi, Gytnuosporutigium and Podiiomd. Only four 
of these species were misunderstood and erroneously placed, while 
twelve are still accepted as named, twenty-four Btill retain their 
specific names under other genera, and fortj-eight have the whole 
name relegated to synonymy. The discarding of over half of the 
new names found in the later work is largely due to Scliweinitz’s 
replacement of earlier names by others conforming to Link’s new 
methods, as already e.xp1ained, which made them untenable accord¬ 
ing to the present requirements of priority . The above showing 13 
as good as can be found in most lists of rusts by recent mycologists, 
so rapid are the mutations in nomenclature of this group of fungi. 
In general it shows that Schvs'einita made comparatively fetv mis¬ 
takes in the identification of his material, and In naming tried vety 
commendably to follow the most progressive and authoritative 
methods as then understood, .At the present time the two or three 
dissimilar stages which many rusts exhibit are included under one 
name, while formerly they were placed under separate genera. This 
in large part accounts for the 125 numbers in Schweinita's North 
American list, now known or believed to represent rusts, having 
shrunken to 90 species as at present classified. 
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The very large part of the material, which was the fouiadatTon 
of Schweinitz's two works, espeejally of the portions relating to the 
rusts, w-as secured by htniselt. He collected over a radius of thirty 
miles or so about Salem, North Carolina, and probably over even a 
wider radius about Bethlehemp Pennsylvania, the two localities in 
America where he resided. A very few' collections were made upon 
his trips to more distant points, and some specimens were sent 
to him by his correspondents, especially by Torrev and Halsey, of 
JCetv York, and Collins of Philadelphia^ tvhile a few were handed to 
him by friends whose names appear at times upon the packets, 
particularly Detwiler and Denke. 

The earliest biographical account of Schweinitz i& that by Walter 
R. Johnson, read before the Philadelphia Academy of Sciences^ 
May 13 , 1835. a little more than a year after his death. It has been 
the source of information for many later sketches, notably those by 
Morgan,'' Kellerman,'^ Shear,** Harshberger,** and Lloyd*” Other 
writers have added various facts, obtained from Schweinitz's de- 
scentlantSH especially Gore,^“ Yonmans,” Lehman,*'^ and Shear & 
Stevens.^* 

The three articles by Shear & Stevens were the result of ex¬ 
tended researches regarding the history of Schw'einitz®^ collections 
of fungi, his methods of work, and the present disposition of his 
specimens. Jlanuscript copies of the last tivo papers, as well as the 
one on Ezra 5 . 1 ichener Torrey Botunitat Club, 44^547-558, 

Dec.j 1917) by the same authors, were generously loaned to the 
WTilers while this article was in preparation. Most of the works 
of various kinds referred to by the several authors have also been 
at the disposal of the writers. They have also consulted the manu- 

Cos ., 17-19, 1^84™ 
s/jjiir. Myc., 2: 31-34. 

Plant s: 45-47, 19021, 

”"Tlie Botanist ot Philadelphia/' 127-13?. 1 S 99 - 
Afyiohgkai NatfS, No- 4 Jh 
« Jflflr, Eihha MiUktU Sci. Soe., 3 : 9 - 25 , 

Fap. Sci. Mor, 44: 833-840, 1894: and Pioneers of Science in Amer- 

ica," 167-175. ^896. 

15 ^3**-- 4-6, 1904. 

iftU S, Dept Agfic. Bull. no. 3S0: 1-82^ Jan.* 1917; 9“ 191- 

304 .333-3+4. Julyp Nov,, 1917 
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Script works of Schweinitz and the letters (amounting to 237) from 
his correspondents deposited at the Ftiiladelphh Academy of Nat¬ 
ural SciettceSj the letters from Schweinitz to Torrey (35 in number) 
at the New York Botanical Garden, and the letters from corre¬ 
spondents in the possession of his grandson, Dr. Geo. de Schweinitz, 
of Phitadelphia. 

Some of his biographers say that during the latter years of his 
life lie used dc in place of Z’ott in his name. It is t^uite certain that 
after his death his sons and their families used the French form of 
the name, as their descendants do at the present time. His cor¬ 
respondents addressed him variously. By German friends and 
many others the address used was Herr vou SdiTticmits^ or by a 
few of them Baron voh Scbtc-ehiits, while a less number used de 
SctKC'emils. His intimate .American friends, Torrey and Darling¬ 
ton. both of English descent, invariably used von. All of the 
Schweinitz letters to Torrey at the N, Y, Bot. Garden are signed 
Letvis D. p, Schicehut::; they extend from June 24, 1830, to May 2, 
1832. His published writings bear this form of hts name on their 
title pages, except when made to conform to the Latin. iTie initials 
invariably used on his packets of fungi and other collections were 
Lz’S^ W hen used in print to indicate authorship they were written 
In the North Carolina list the abbreviation was Suk 

There were doubtless reasons why he miglit have favored a 
change in the family name, either out of consideration for his wife, 
who was of French ancestiy, or because of his dislike to Prussia! 
which at the Congress of Vienna in t8l5 had acquired a third of 
Saxony, including that part where the ancestral home was situated 
and where his youth had been passed. But it is quite probable that 
he himself did not adopt the new form. 

The botanical work of Schivcitiitz was made the avocation of a 
busy life largely devoted to religious duties and chiirchly service. He 
was imbued, nevertheless, with the most thoroughly scientific spirit. 
His monographic work upon the very difficult genera, Care.v, Viola, 
and Splxi-ria, was of the highest order. He eschewed the easy as¬ 
sumptions too rife in his day. and believed that a scrutiny of facts 
outweighed all plausibilities. What may be designated as his scien¬ 
tific creed is given in the preface to the Conspectus by Albcrtini & 
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Schweinitz, which was doubtless written by Schweioitz- It refers 
especially to the study of fungi, and as translated by Johnson 
(Memoir, p. 2S) reads: 

"A solid basis to this departnwnl o£ botanical science must be laid, not 
on a sandy foundation, on the varying freaks and fancies of the mind, but 
on a perpetusl daily and nighily employment of microscopic observation, a 
dmeent and oft-repeated examination of the whole history of the^ fungous 
tribes, a careful perusal of aothota, a comparison of their respeenve syn^ 
nyms, and above all, by the obsen-atioti of living nature nerself, « she 
unfolds her rich abimdancc in (he recesses of forests, lawns marshes, an 
observation which must be continued from day to day. and from year to 
year." 

The following account includes a translation of that portion of 
Schweinita's two works pertaining to rusts, given in the order of 
the later one, together with a record of material still reinaiuing to 
represent them, and with comments by the writers. It has been pre¬ 
pared with a view of making this monumental work more a\'aliable 
to students, especially students of American mycology. 

Following the main body of the work all of the species of rusts 
mentioned by Schwelnitz are arranged in systematic order in ac¬ 
cordance with present ideas of classification. The accepted names 
used for the hosts are generally those of Britton & Brown's “ Illus¬ 
trated Flora," sd edition, or of Small s Flora of the Southeastern 
United States,” 2d edition. 

A serial list is then given of all the numbers in Schweinitz’s 
North American Fungi" with which this account deals, with the 
corresponding numbers from the North Carolina list in parentheses, 
and iti a parallel column the name or fact which the study of the 
material has disclosed. An index of hosts and another of fungi are 
appended for convenience of reference. 

The microscopic and bibliographical work carried on in connec¬ 
tion with this study of the Schweinitz material pertaining to rusts 
during the eighteen years since the work has been in progress has 
been done in large part at Lafayette, Ind., in the laboratories of the 
agricultural experiment station of Purdue University. More than 
a dozen of those associated in the laboratory work during this long 
period have taken part in the study, and to them, and to a number 
of correspondents credit is accorded for material aid. To the 
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authorities of the Philadelphia Acaderny of Sciences the gratitude 
of the authors and of every scientific person interested in this suT> 
ject is due in unstinted measure. Under Mr, Stewardson Browrip 
Curator of the herbariuitip and Dr^ Wiiiner Stone during Mr. Brown’s 
absence, every' facUity that the Academy could offer has been placed 
freely at the disposal of the authors. 

Rusts of North Auerkca RFxosDEt? d¥ SciiW£i?^t'ni. 

The arrangement is that in Schweinitz's Synopsis Fungorum in 
America Eoreali. Additions to the translation of the original text 
are in square brackets. The general serial number is followed 
by the species number under each genus. As stated by Schweinitz 
□n page 144 of his work species preceded by an asterisk are those 
not recorded in the ■ Synopsis Fungorum Carolina Superioris/ 
Species with L.v,S. added were first described by me either in my 
previous work or in the present one.^^ 

After the complete record for each number the corresponding 
record in his '"Synopsis Fungorum Carolina SuperioriSp'' if there 
is one, is given in parentheses. 

Following the English version of Schweinitz's words is a state¬ 
ment of the material to represent the number as it occurs in the 
Schweinitz Herbarium at the Philadelphia Academy of Sciences at 
the present timej the data on the packets being copied exactly as to 
spelling, capitalSp punctuation, etc. Finally come comments by the 
authors, 

1474- 329^ Slplisrial ei^iphyll^ L.v.S., Syru Car. ijo, F 2^, not in Fcnn- 
sylvan la. 

(130, [SplveriaJ epiphylla Sz. 

Sr cespitose, blsicki&b brown, slimbg, the pvlvcmlcnt reecptacb 
yellowish, spherules without ostioles^ obovatc, very minute, crowded, 
anungcd cespitosely or fa&dcuktely. 

It grows in an unusual place, tiamclyp upon still growing leaves 
of Galega virgin tea. Scattered, on the upper surface of the Leaves, 
punctiform, or oblong or Imear^ kss than a line in diameter^ Recep¬ 
tacle arising from the altered substance of the leaf^ pulverulent, yel¬ 
lowish or hrownish. Spherules globose, mbute, obovate At a 
younger stage s^ahpellucidO 

Represented by two leaflets mounted» each about 2.5 cm. lony, 

raoc AHKH. THtL. SCC., VD1.. LVtl^ t(, JULY 16, I91S. 
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and by tbq original packet, empty, kbelted on the front "Sphseria 
epiphylla LvS . . . Salem . , a portion not being legible, and 
On the folded end “ Sphairia epiphylla Salem/"^ 

While Dieiel was making a study of the genus Ravenelhj he 
received a fragment of the original Schweinit? collection^ sent by 
Lagerheim from the Herb. Fries» from, which he Tvas enabled to 
transfer the species to that genus 33 + 27, iS^)^ 

although he points out that the true nature of the fungus had 
already been detected (Farlow -S: Seymour, " Host Index," page 
30, 1S88). The name is now generally written Ravendia 

phylla (Schw.) Diet. 

•14S7, 342. Sfphseria] am&lkebts, of the same group [as the i>re- 

ceding species, 1 ^ 36 ]^ but abundantly di5.tmctn Bethlehem, on 
leaves of the involucres of Cyperus, found on tlie dorsal surface. 

S, coveredr dark, compd^d of series of pcrithecia situated between 
the striae of the leaves, paralklly conduent ott a pitch black spot, 
&o that the spot appears beautifully catiaUeulate; rather large. 
Qstiole^ thick, punctiform. On the margEii occur subsolitary, 
subrotund^ applanate pcrithccia. In the middEe, miorcover, the 
pitch black 5poi5 are sometinies sterile—and, it may be noted, the 
spot is frequenEly interrupted at intervals of a quarter of an inch, 
so that the unaltered substance of the leaf comes mtq view. 

Represented by a mounted specimen, consisting of a portion of 
five leaves^ originally six^ one having become detached and lo3t„ 
each portion about 5 cm, long and 6 or 8 mm. hroad^ well supplied 
with tijicovered uredinia and covered tella. The original packet 
contains two small pieces of leaf* and is labelled ** Sph. cunatscidnia 
LvS in Scirpi involucr." It was evidently first labelled “Sph 
graminis," as the word "graniinis'^ has been crossed out. 

The true character of this fungus was first pointed out by Lager¬ 
heim (TroHUO MhJ, 1715 ^. i 395 )p ftotn the study of an 

original auLographic specimen in the Fries Herbarium. It is now 
called PwcciMfo (Schw.) Lagerh.* and is a widespread 

American species. 

•Spede* preceded by an a^teriik are those not recorded in the " SjTiopsis 
Fungtortiiii Carolitia Superioris,™ 
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Class V. GYMXOMYCETES (Entofiiyt.^ and Tubehculaieini 

Fries). 

Seuies I, Extophvt.c. 

Genus 211. C.EOir.\. 
a Snbgenus Usedo. 

I. Usitlngo, 

—The SIX species under this heading nos. 2811 to 2S16 are 
smuts belonging lo the Ustilagmales, and arc therefore omitted, 

2. Rubigmes (Orange-yellows). 

2^17^ 7 - C. U. Rubf^Op Uc n. g. Halsey from New Y&rk, on cereals^ 

Represented by part of a leaC ^ cuL long, mounted, atid a similar 
piece of leaf, nearly as long, in the original packet, each about i cm* 
broad. The packet is labelled **Uredo irrfn Halsey,"^ and again 
later '^Caeoma mbigo NewTork Halsey.” 

Both leaves appear to he those ot wheat {Triticum vulgare Vilh)^ 
and are well covered with large, scattered, oblong uredinial son. 

The name was correctly applied by Schweiniti in the sense in 
which it was first employed by De Candolle and others of the times. 
It covers a number of species, hoivever, and the one represented by 
the collection is Puccinh i7rcriwfiHJ Pers.* in its uredinial stage* now 
usually called P. ^ocji/i/mwiy (}acq.) W'ettst. 


^18. S, C U. linearis^ Lk^ n. 8, Sjn. Car^ 4641 on kaves of cereaU, Salem, 
Betiilehem, and everywhrrc, 

(454. 6 . [Uredoi linearis. Fairly common on grain.) 

Represented by portions of four narrow^ly linear leaves, each 
piece 8 to iq cm. long, loose in a mounted packet, bearing a few 
scattered ur^inial son* The original packet is labelted inside 
^'Uredo linearis Sah” and outside “Cseoma (Ured) lineare Salem,” 
The compound microscope easily shows the rust to be the 
uredinial stage of Fucemh Paanun Ksessl noiv more often referred 
to P . efiipkyHa (L.) Wettst It is characterized by peculiar capi- 
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tate paraphyscs. The host is the ccmimon Kentucky blue-grass, 
Poa pralefisis L* It is a species not found on other grasses or on 
grains, although uredinia of similar gross appearance are found on 
both, and were all given the same name by older mycologists. Prob¬ 
ably the original portion of the material on cereals was removed by 
Schweiniti, leaving only the part on meadow grass. 

*2819. 9. C U. Timosum, Ik. n. 14, rather rare on Seirpus near Hope. New 
Jersey. 

Represented by one 5 cm. mounted piece of a terete culm^ and 
five similar pieces, 3 to S erfl- long, in the original packet, which is 
labelled "Ciioma (Ured) rimosiim in Scirp acut. spec, imperfecta 
ob bonas pertus. Hope Jersey."- The host is undoubtedly Sdrpus 
iacuitrb L. ( 5 . acutvs MubL), the plant that Schweinitz took it 

to be. 

The smooth surfaces of the culms show a few quite regular 
rifts, 5-15 mm. long, but no spores or fungus of any kind. These 
rifts may have been interpreted by Schweinitz to be the '* acervis in 
rimis Iflugitudinalibus parallelis positis" of Link's description, for 
he has entered on bis packet that be had an "imperfect specimen on 
account of marked perforations." Link’s C^oitia ritiMSUM was, 
however, founded upon a fungus on Jiinais flcrifiu from Egypt, 
and could not have been the same as an American fungus on Setrpu^. 
Lagerheim in his study of the rusts in the Herb. Fries (k t., page 
67) has erroneously added " Uredo rimosa Schw-rin." as a symonym 
of Fnfritnn abtecta Peck, a rust that occurs on both Sdrpus p» 7 igenJS 
{the host in the Herb. Fries from New’^ York), having triangular 
stems, and 5 . lacttsids, having terete stems. Had this rust been 
present Schweinita would probably not have referred It to Link’s 
species, because of the slight resemblance which It bears to Link’s 
description. 

la C U* Arudropoisi, L.V.S. on leaves of Ajidropoffon avenacemb, 
Bethlehem; rare and related to C- longis&lmum^ from which it 
differs particubrly by an evident purpte spot. 

C. spots much elongated, narrow, purple, Sori much etongatedp 
parallel narrowed, longitudinally erumpent from the raised epi¬ 
dermis. Spores at last loosely scattered, g^lobose, rnfo-fuseous. 
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Represented by parts of two leaves, abcuit 5 Song, and of 
two others, 7 cm. long, all $ to S mm. wide, mounted^ and in the 
original packet five similar pieces with $oitie fragments, all heating 
an abundance of brown uredinia and a few telia. The packet is 
labelled inside “Cseoma (Ured) Riibtgo Lk in Androp. avenacei 
fol Beth 18^/* and outside ^'Csoma (Uted) AtidTopogi LvS/’ 

The host is evidently Andropogon atfemccjim Michs,^ as stated, 
now often referred to Sorgkastrum nutans (L-) and the rust 

proves to be Purrittin tirgaia EIHs & Ev., a species not at all related 
to F, Andropagi Schw-, no. 2911. 

*2S3l. II. C- Up Iridis, L.V.S., fre^inent on withered leaves of Ins vir^nica^ 
Bethlehem. 

C related to C. Lllii; spots >dlowish, sori muitdish oval, not 
dreinate but scattered; at first covered with the epidennis, rather 
elevated. Spores nntnerous, somewhat pedicelled, fulvo-fer- 
ru^i neons, at length scattered. Spores never turn black as In 
C Lilli. 

Represented by two vvclbpreserv^ccl pieces of leaves mounted, one 
being i by 6 cm., and the other 1.5 by 7 cm., and two pieces much 
eaten by insects, m the original packet, and all well covered with 
uredinia. The packet is labelled ^' Puccinia Iridls LvS Beth,^' with 
the word Puccthia crossed out and "CKoma (Ur)" substituted^ 
There is an empty duplicate packet labelled in a similar way. 

The rust is a common one of both hemispheres for which the ac¬ 
cepted name is Piicirfnifl Indis (DC.) Walln In America, east of 
the Rocky Mountains, only uredinia have been found. Although 
the host is called Iris virgmica^ a linear-leaved species, both because 
these leaves arc especially wide, and because no rust is known oit 
that species, the host must be /. z^crsicohr L. 

aftza, 12, C Ur Srtitlacis, LrwSr, Syn, Car+ 47 Link p, 52, jjid Bethkhein 
on of SiTiitiXr 

(471. 13. [Urpdo} Smilaci^ Sz. 

U. pcridia variably fiexuose, minute, grouped, often concentric, 
dark brown, the s^pore-mass lulEO-fuscous. 

Frequent, on leaver of Smtbx rotund! folta^ seated on yellowish 
spots.) 

Represented by one piece of leaf 3 by 4 cm., cut front a leaf of 
probably hvicc the sisse, and mounted. It is thickly covered with 
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uredioia. The empty, original packet is labelled inside “ Uredo 
S. rotundifol Sal^' and outside ^"C^eonia (Ured) Smilads 
LvS in S. rotund? fol Salem 

The rust is the uredinial stage of PiKchiia Smihds Schw.p no, 
2916, very common in the southeastern states on various species of 
Smihjr^ 

13. C U. Labiatamm, Lk. n. ^ Sj-n. Car, (as] U. CImopodii 46^, and 
Bethlehem on species of Pycnanthcmuin* 

{ 465 . 11 . [Uredo] Clirtdiwdii St. 

U. orbicijlar, somewhat iiiJ^ated, yclkiw?5h+ 

Frequent in autumn cm tlie leaves of Chnapodiuni iticanum. 
Related to U. Mrnth*.) 

Represented only by an empty packet, which is labelled inside 
“'Uredo Clinopodii In Pycnanth. Salem/^ and outside '*C4eoma 
(Ur) Pyaionihcfnl LvS C clinopodii Salem/* Without doubt 
Schwcinitz had the uredinia ot Putdnia Pets., on Kodlia 

incana (L.) KunUe* 01 which the preceding names are synonyms. 
He accepted Link's disposition of liis new specks as a synonym 
under Link's nam^s for all the common mint uredinia. 

2^24. 14, U. IpomcjE, rLv.S.*l Sjn, Car, 468^ Lk. n. 5S, not Pcmisylvania* 
(46fiL 10. [Uredo] IpOITKM Sz, 

U. rather small^ sparse, not confluent, bright red. 

Frequent on the lower surface [of leaves] of Ipomtca triloha, 
Related to U. Tussiluginii) 

Represented by three cordate leaves, 3 cm, long, mounted, well 
covered beneath with uredinia and telia. and two smaller leaves at¬ 
tached to a slender stem, in the original packet, bearing a few sori. 
The packet is bbcllcd inside ** Uredo Convolvuli Salem/' afterward 
^MporrtOKe*^ written above Convolvuli, and outside ^'CcToma (Ur) 
IpottjbCdt LvS in Ip. pandur. Salem/' 

The rust is .an excellent example of CQfcQSpQrium fpoma^a: 
(Schw.) Burr., showing uredinia and telia, and the host is doubtless 
/, ponditrafa L,. which was at first confused hy Schweiiutz with the 
more southern species, f. irU^ba. Although Schweiiutz incidentally 
omitted his initials as author of the specific name in accordance 
with his custom in other similar instances, L. v* S, should be added, 
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for while the combination with was first made by Link^ It 

was bas^d eutirely on Schweiiiitz's account in his Carolina list. 

3825, 15. C. U- Etephantopodis^ L.v.S.^ Syn, Car, 4^7, Lk. fn.] 54, only in 
Carolina- 

(467. ^ [Uredo] Elephantopodis Sr. 

U. rather large, sori deptessedp sparse, circular^ bright yellows 
On leaves and sterns of Elephantopui tomentosus, very frequent 
in the autumn. Related to V* farinosa. Older son leave Pesiza- 
like hollows in the IcaL) 

Represented by a kafp 4 by 7 cm., mounted^ and also a frag¬ 
ment of leaf in the original packet^ both showing utedinia. The 
packet is labelled mside ** Uredo Etephaniopodis Salem,” and out¬ 
side ^CsEOma (Ur) Ekpharitopodis LvS Salem.” 

The rust is now called Cd^leosporitim Blephaniopadis (Schwr.) 
Thum. As indicated for the preecdin;^ number Schw^einitz adds his 
name to the Cseoma combination as author of the species although 
the combination w^as first made by Link. This was in accord with 
the opinion then held that the author's name was attached to the 
species as a voucher for the concept as expressed by the original 
description and not for the technical formation of the name as ap^ 
plied to a partEcnlar specimen^ according to present usage. 

3 & 26 . l6r C U- Solidaginls^ Lv.S., Sm. Car. 472, common, and Pennsylvania, 
C47?, I4_ [Uredo] Solidaginis St. 

Ur coiupactp closedp red^ linear, sometimes long. 

Very^ fre<Luciitp almost all targe .Astern, SolidagoSp Vertiotfilas; 
related to U. pustulata,) 

Represented by four original packetSp and mounted material from 
two of them. Two smooth lanceolate leaves^ probably of Sotiduga 
scrotim Ait.p showing purple discolorationSp are mounted, evidently 
taken from the empty packet marked " 1 Ocoma (Ured) SdUdagi^ 
fill Ml LvS in macults purp.” A duplicate packetp also empty, is 
labelled **2 Ca^oma (Ured) Solidagini LvS.^^ The other mount 
consists of about two thirds of a smooth, lanceolate leaf w^th entire 
margin, probably of Sdliddgo sempendr^m. It w^as doubtless taken 
from the empty packet bbeltcd inside “Uredo (.-Ecidtuni) ovale 
Nyk Halsey,” and outside ^*C?eoma ovale Halsey Kyk,” with the 
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word “ ovale crossed out and Solidagiiiis^^ substituted, Halsey 
was a (XJrrespoiideiit living in New York. The fourth ori^nal 
packet is labelled inside ^'Uredo Solidagims io Vemonia nove- 
boracens Beth" and outside *"Cs&oma (Ur) SoUdagimm LvS 
Salem &. Betb.” The packet contains ihe larger part of four 
lanceolate leaves, each fragment about l8 mm, wide and 7 on. long. 
Three of these leaves are yellovvish and are doubtless Si^iidago 
altissbna, and may have been obtained at Salem^ the fourth is 
greenish with sparse, colorless hairs, and is doubtless S. rugose, and 
may hnve been obtained at Beftlilehem. The inclusion of Vmtonia 
may after a time have been considered erroneous, nnd the leaves 
removed* 

All the seven leaves representing this number show uredinia of 
CQki^spQnum Solidaghih (Schw*) Thhm., one of the commonest 
of rusts in the eastern states. The unusual abundance of niaterial 
preserved to illustrate this number was doubtless due to its being 
encountered frequently in the fields on many hosts^ 

^827, 17, C U* Tercbinthinaceae, L,v.S., Syn, Can 47Jr not tn PcnnsylvaTiia* 

(47J- [Laredo] TereLLnthinace® Sz, 

U. aggregated, almest solid, pustulate, closed, becoming in¬ 
durated, orange red, rather large. FrcCfaent on the lower surface of 
the very thick leaves of Silphium icrebinthitiaceiiin. Related to 
pepulina. 

K, B. They [i. e. the Ruhigos] occur on almost all autumnal 
plants of the class Syngeuesis, as on Helianthus^ Aster, So 1 idago» 
etc., etc A5 to the Rubiges, which ones consdUite disiinci species, 
it is most dilScuit to decide.) 

Represented only by an empty packet, labelled inside "Uredo 
tcrebinthtnacetr in Silph terebint Salem/' and outside “Cseoma 
(Ur) 5 t 7 ^/iJi terebinthifiad LvS. Salem/* 

The rust is undoubtedly Cdeosporium TtrtrbhiihinaceiF (Schw.) 
Arth.p and the host terebinthinaceuin Jacq. 

Schvveinitz's observation that it h difficult to decide upon the 
systematic distinctions among orange-yellow uredinia remains largely 
irne at the present day. 

*2S2fi. iS* C 0 * Htlianthl L,v,S.r rather rare on leaves of //, gi$anlius, 
Bethlehenn. 
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C apots obscure. Sod dn&tered^ pulvinatcK f^avo-mbrous, at 

dirst rather solid, finally sprinkled wkh tli-e minute orange red 
spores. 

Represented by parts of two small^ lanceolate leaves. The 
smaller one^ about 4 cm. long[* Is mounted, and is doubtless Hellan^ 
thus ^ig^ntrus L. The other, about 7 cm. long, is half in the orig¬ 
inal packet, which is labelled “ Oeoma (Ured) Hdhuthi LvS in 
Helianth gigaiit. Bet/* and half mounted* It h possibly H. strumo- 
stis L, A similar leaf^ 4 cm. long by I enu broad* and evidently 
part of the latter collection, is in the Michenet Collection at Wash- 
ington,'now belonging to the U* S. Department of Agriculture. 

The leaves all show many telia and a few uradinia, of what is 
now called C^leosporimn HcU^nthi (Schvv.) Arth. It is not an 
abundant species^ but is widespread, 

•2859. ig. C U. Anemonis, L^v.S., on under surface of [leaves of I Anemone 
quinque folia, Betblphcm, rare, 

C. spots yellowish, rather large, sori roundtsh, dilated^ sllghity clc^ 
vated, spores pale. 

Represented by a compound trifoliate leaf about 4 cm. broad 
and long, mounted* having plenty of pale round uredinial sori be¬ 
neath, The original packet is labelled inside '‘Uredo anemones*” 
and in another place '^CgeOma Anemoni^ quwquefoH<E BethI/* while 
Outside it reads “Cseoma (Ur) Anemonis qitirsqtfcfo LvS Detwyler 
Bethl H.” 

As no such ru5t has been collected since on the host named* there 
has been much speculation regarding its identity* Not until the 
senior author's recent visit to examine the Schweinitz material at 
the Philadelphia Academy did the solution of the enigma become 
evident* It was then noticed that this so-called leaf is 

sparsely sprinkled with long colorless hairs, vrhich remind one of 
those on Ojuiorr/iijfl. Comparing this leaf with material for no. 
2S41 and no. 12851* which had previously been determined as Oj- 
morrhhq^ left no doubt that all w^ere the same host. On this host 
occurs PMfciftkf FimpintlliF (Str.) Mart. (P. Osmorrhi^ C, & P,)i 
with the uredinia of which this materia] exactly ^ees. 

This instance illustrates the danger in collecting too small sped- 
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mens, mere fragments. The large decompound leaves of the tall 
growing Osmerriiisa could not be mistaken in the field for live htile 
wind-flower, but the trifoliate tip of one of the large leaves when 
isolated might well be supposed to be the whole leaf of a small plant. 

503ft 20. C U. Catnpanularuro, Lk, 44. on C atnplexicaulis. S>^ Car. ^5. 

and BcElilehcTTi. ^ 

(465. ?■ [Urtdo] CampanxilsE-^ Rarcl^r^ occurs or C^mpapula per- 

foliata^) 

No specimen or packet is in the collection to represent this 
number. The host is one on which there is no other record of a 
rust, although a species of Croleejfurjnui docs occur on the closely 
related genus as now understood. It is highly probable, 

however that Schweinltz had some fungus not a rust. The plant is 
now known Speataria perfoUnta (L ) A, DC. {Campotiuh per^ 
folkta L., C. anii>fc.rfceiifff4 Michx.). 

2631. 21. C. U. Onagrarwrt, Lk. JJ. Sjn. Car. Circae*, 466. and Bettilehetn. 

(466. dk [Ufedol Circaese. licft aiid Uiere on the 1-eaves of 
CircesL CatiadtEifiis.) 

There is no material or packet at Philadelphia to represent this 
number, w'hich is unfortunate, as no common rust exactly answers 
the requirements of the record. The names employed for die rust 
are of a European species, not known in .America, bredo Circ^cr 
was established by .AlUertini and Schweinitz in their work on the 
Lusatian fungi for the iiredima of what is now called PiiffijrMjtncni 
CiVcd'iS' <Schum.> Schrdt, The only rust on Circtra in this country 
is Piiccinin Circtea: Fers-, which is so very unlike the one just re¬ 
ferred to that it seemingly could not have been mistaken for it. 
Although P. CfVftrff possesses no uredinia, yet the young tclial sort 
arc pale and in gross appearance might be so considered. The 
record in both publications appears to parallel the corresponding 
records of F. Circtrs: under no. 2938, and the most reasonable inter- 
prefcition appears to be that Schiveinitz mistook the young stage 
of P. Circerts Pers. for a Undo. 
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2S32, ^ C U. mmiata, De. 84 Gar. 463, SaEcTn and Rethleihein. 

5 - [Credo] minlati, Frequei-U but only on Rosa paiiciflora.) 

Represented by a mounted rose ltaf| 7 cm. long, consisting of 
five leaflets^ and the original packet containing one smaller com¬ 
pound leal and a number of leaflets, all similar. There are large, 
irregular sori on rachis and midribs and annnlar^ pustulate ^Ori on 
the blades^ all ^cia. The packet Is labelled outside “ Caeonia (Ur) 
nnniata Salem,*^ and added later Bethl & Hermht.” Hermhut 
is the plate where Schweinitz studied in Saxony. 

The material apparently is that gathered at Salem, N. C., and the 
addition of two other localities to the packet indicated the collector's 
field obsor^'ationsj and not hi& actual addition to the coHecdon. The 
host name of R^sa paudfiora is given in Muhlenberg's " Catalogue 
as synonymous with R, carolwa L.^ the name now in use, which is 
doubtless ihc species Schweinitz found the rust on. The rust proves 
to be the aecia of sperhsa (Fries) Arth.^ formerly called 

Fhragmjdium Cooke. Telia of tliis species were placed 

by Schweinitz under the genus Sdridhtm, no, 30S4. The species is 
not known in Europe, and the selection of Persoon's name, Uredo 
fniniata^ has proven unfit, although at the time the two forms could 
not well have been separated* The transfer of the species to the 
* genus C&rottia was first done by Schiveinitz, not by Link, 


*5833. 23. C- U. ruborurn, Lk. fretiiidnt, BeililchcirL 

Represented by no mounted specimen, hut by some ten leaflets 
in the original packet^ which is labelled inside '^Cseoma niborum, 
Uredo (Rubigo) Rubf In Ritb id horti mei fr Oct. 1824*" and Out¬ 
side "Cjeoma (Ur) Rnbi Idaei Bethl in hort/^ The largest of the 
leaflets is about 6 by 7 cm ,, and all are pale to meritose bcneatlij, with 
powderv^ groups of uredinlospores here and there in the tomentum. 

The host is doubtless the European red raspberry , Rubus Idiirus 
L., then frequently planted in gardens^ but now almost wholly re¬ 
placed by the similar native form, R. strig&sHS MtehS* The rust is 
the uredinial stage of Kuchn^i^h Uredmis (Link) Arth*, a common 
species on various raspberries and blackberries, but whose affinities 
have only been recognized wdihin the last few years. The telial 
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Stage is white, and the name, Phragmsdi\tm albidum, is often ap¬ 
plied. Link’s name of Cffflwia ritborum belongs to another rust. 

28J4. 24. C U. Potentillsniffl, Lk. 8j, Sjti. Car. 461, frequent on Potentilla 
canadensis, [and in] Pennsylvania. 

{461. 3. tUredo] Alchemill*. I am certain it is the same as that 
on Akhemilla, Here and there on the leaves of Potentilla Cana¬ 
densis, living through the winter.) 

Represented by a mounted packet containing loosely a bit of 
stem and five leaves of tbe host mentioned. Three of the smaller 
leaves show primary' uredinia above, and two larger leaves show 
secondary uredinia beneath, the sori being numerous. An empty 
original packet is labelled '* Qeoma (Ur) Potentillse canadens LvS 
Sal & Beth.'* 

It was quite natural for Sebweinitz to think this rust was a form 
of Uredo Akbemillse, both from the gross appearance of tile leaves 
and of the sori on them, and to follow Link in placing it under the 
inclusive name, C. Paten tUhnwt. The rust is now known to be 
wholly difFenmt. and is called Framntea obtitsif (Strauss) Arth., or 
more commonly, Phragwtiliiim PoleHtiU^-canadensis Diet., or 
Kuehneola obtiisa (Str.) Arth. 

3835, 23. C U. Agrimoniie Lv.S„ usually wholly covering the lower surface 
of Agrimqnia, wrongly [referred] tt Lf. Rosw, Syn, Car. 4^2. 

C. spots bceotning yeUcwiih. Sori minute, confluent, spores heauti- 
fiilly reddish orange, finally losing their color. 

(46a, 4. [Uredo] Rosjc, I do not doubt that it is the same as 
occurs very frequently on Agrimonia Eupatqria in autumn; 
never or roses with us,) 

Represented by three terminal leaflets, mounted, each nearly 4 
cm. long, and by fragments of three compound leaves in the original 
packet, which is labelled ‘’Caoma (Ur) Agrimony LvS Salem.” 
All of the leaflets are abundantly covered with sori. 

The rust is. the characteristic uredtnial stage of PnccmiV»rrtrf» 
AgrimottitF (Schw.) Tranz., which occurs in Europe and Asia, but 
not so common there as in America. The host appears to be Agri- 
monh panifiora Soland. 
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•2836. a6, C U. Filieutn. Lk. n. loi, on Aspidiutn. from New York, coai- 
municated Ijy Dr. Torrej*, 

RcpTescnted by about 4 cm, of the terminal part of a frondj 
mounted, and by parts of one or more fronds of uniform appear¬ 
ance in the original packet, which is labelled “ Creoma Fiticum 
Torrey Nyk in Asp. oblus," and in additSon “U. polymorph in Asp. 
dry opt.;' with a number of German localities and names of German 
collectors. Probably the additions to the inscription on the packet 
do not indicate collcctious, but only memoranda. 

The rust occurs in rather large, covered, blisterj' sori, on the 
under surface of the fronds, and is the uredinial stage of Hyttlapsora 
Aspidwtus (Peck) Magn. The host is evidently PhegQpteris 
Dryopteris (L.) Fee, the Aspidimn obiMSUnt of Muhlenberg's 
“Catalogue," and the collection was probably made in the Caiskill 
mountains, as Dr, Torrey lived for a time at West Point, N. 

The rust is not known outside of Konh .America. It is a moun¬ 
tainous fomt, the type collection being found by Peck in the Catskill 
mountains. 

*2837. 27. C U. TeucriL L,v.S^ very- rare on of TcuCriuia virginkum, 

Bcthkhem. 

C. spots obsfllete^ Sori densely crowded into semblance of a spot, 
elfused, beautifully red. Spores very small very red, almost 
scarlet. 

Represented by one leafp oblong, 3.5 by 7 cm., mounted^ and by 
the empty packet, labelled inside "Uredo Teucrii in fol Teucrii 
canadens. Salem," and outside “ CffOma (Ured) Teucrii LvS. Xaz." 
The leaf shows a number of rusty-Iooking spots, still finely purplish 
red, which the microscope reveals to be due to a Hyphomveetous 
fungus, having small oblong to linear-oblong spores, and in nowise 
related to the msts, of which there are none known on Tcucrium 
in America. 

This material has been examined by Dr. C. L, Shear, who states 
that it is identical with Cf^fcospora racetiwsa E. & M„ a species 
founded upon a collection made by the senior author in Iowa, Sep¬ 
tember 27, 1882. It is a somewhat common fungus extending from 
the Atlantic coast to Kansas and Nebraska. The name should be- 
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conte, ip accordance with the rules of priprity^ Cercospora Teuczii 
(Schw,) comb. nov. 

2 S. CL, Asalne, L_v.S., Sjn. Car.^ 470, fas UJ itirnirna, frequent on 
leaves of AiaJea nuJEfloraH Bethlehem and SaTciTi. 

C spots obsokte. Sori on the lower surface, at first somewhat cone 
shaped, minute, orange^ finahy el^used.. Spores very miiuitc, 
losing their color^ and unequal, pyriform, with globose forms 
tisLermis-ed. 

{470. 12 . [Credo] minima Se. 

L. very minute^ putictiform, pale orange, sparse, poridia 
subconic. 

Frequent on the lower surface of the leaves of A:^lca nudi- 
flora.) 

Represented by a mounted Jeaf 3 by 6 cm., thiddy covered oii 
the lower surface with ureclJnia corresimnding to the description, 
and by an empty packet labelled inside "Uredo fatinosa ^ minima 
in Azalea nudif Salem.” together with the later name “Ooma 
minimum ” written above, and on the outside “ Oeoma (Ur) Asaies 
LvS. Beth & Sal.” 

The rust is the uredinial stage of PurchiiastruM mhtimiau 
(Schw.) Arth., as reported in the " North American Flora” 71109. 
1907, a name now believed to be synonymous w'ith P. MyrtHU 
(Schum.) Arth., a rust occurring xipon various species of Vac- 
riiiiKm, as xvell as on Asatea nudifiora L., and other Erkaceous 
hosts. 


*3, fuscettfes and Nigrcdities (Browns and Blacks). 

*839, 39. C. U, An vir^jinici, Lv.S., Syu. 0 (r.. fas U.J Caladli, 480, Lk. n. 

31 , It IS net Caiadium but Arum mi which this i$ frequently 
found and in Pcnnsjdvania. 

(480. 22. [Uredol CaladH Si. 

U. punctiform, solitary, seated on large yellowish spots, the 
spore-mass fuscous. 

Frequent on the under side of the leaves of Calactiuin. Peridia 
at first closed, at length scattering the spores.) 

Represented by a 3 cm. square portion, cut from a large leaf, 
mounted, showing uredinia scattered over the surface, and by an 
empty packet labelled inside ” Uredp CaJadii Salem,” and outside 
"Ctrojwo Ari virgttiici LvS. n. Caladii Salem,” 
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The rust is the tiredinial stage of Uromyces Caladii (Schw.) 
Farl., the secial stage being given under nos* 2S60 and aS6i* and the 
telial stage under no. 2946, Doubtless Schvveinitz was right in 
thinking the host to be vlrgimcttm L.p now known as Fel- 

ta^tdra z^trginica (L.) Kunth, and not Caladiiim [sagiiiifolmm 
Kuit.], although the fact can not now be verified. Both hosts occur 
id North Carolina, but only the former in Pennsylvania. 

aSiflo. JO. C- U- Spermacoces Ev.S^ Syn. Car,, [under] Fnccinia, |S5^ Lb. n. 

57, elcijant, Sports not septate^ and Phlladelphta. 

(goa 17^ (Pncciaia] Spcrmacocts Sz. 

P. snbquadrmtCp dark chestnut-brnwn, spores globose* simple^ 
pedicel very long, filiform. 

Frequent on leaves and sterna of Spermacoce. Breaks tJirouEb 
the epidermis in the form of a square* Spores fuscous, irregularly 
globosep pointed or blunt, witbotit septum. Pedicel ten tfmea longer^ 
h>'3tiiie. By pressure the epidermis is separated from the square 
mass as a continuous membrane fn which a cellular structure is not 
to be seen under lenses having u focus of half a line^ and a very 
thin vesicubr substance escapes^) 

Represented by two sttiall fragments of stem w^ith leaves and 
fruit, placed loose in a mounted packet; The odgiuaL empty packet 
is labelled inside -^Dic^oma Spermacocis Salem/' and on the Out¬ 
side “ C®onia Sperniacocis LvS. Sal.” 

The rust is chiefly the telial stage of [/rowtyrcj Spcrniacc^^e^ 
(Scinv.) M. A. Curt,, common throughout the southern states, and 
the host is undoubtedly Dhdm ter^s Walt, dwdin& 

Michx,), 

It is interest iug to trace the change in vieWp in the interim be¬ 
tween the publication of the two papers* regarding the systematic 
position of forms wnth dark teliospores^ which we w'ould no^v cal! 
Uromyc^s. In the North Carolina paper of 1822 Schw'cinitz di¬ 
vided the genus Puccinm into "A^ spores distinctly bilcicular,*' and 
spores globose with septum inconspicuous/' evidently foliowring 
the example of DeCandolle in the Ftorc Frofifofjc :224) of 1E05. 
Under the latter division Schtveinitz placed iw'o species of Uro- 
myces^ wdth the septum described as absent or not congpicuous, re¬ 
spectively. Evidently there was a feeling that these forms wdth. an 
uncertain septum and gbboid spore belonged with those species of 
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Puccinia having: elongated spores and an evident sepluni. Later 
the idea oi a possible septum was abandoned^ and it was necessary 
to place these dark, globoidp non-septate forms under the all-in¬ 
clusive genus Uredo^ in spite of their apparent relationship to Pwe- 
cinia^ Still later systematists placed them in the genus Uromyces^ 
but recently the opinion has been growing that the earlier method 
of DeCandolle and Schweinit^ better indicates their true relation¬ 
ship. 

The mention of the kind of lens used in these studies helps to 
explain why the question of the presence of a septum should have 
remained uncertain. Even without knowing the degree of defini¬ 
tion/doubtless far less than that of modern hand lenses, it is clear 
that the magnification left much to be desired. 

C. U. Ch3erophyl!i, L.v.S., on leaves of Oisttophylluni of Mjrrhis 
Clayton Ip Pennsylvania. 

C spots obsolete: sori rounded^ sparse and aEgregated, even some¬ 
what canflnentp finally uncovered by ruptuHng the epidermis^ 
Spores eflusedn gtobo^, from tobacco-like to black, shining^ 

Represented by a compound leaf of three leaflets^^ each about 3 
cm. long, mounted, showing uredinia and telia,r and an emptj^ packet, 
labelled inside “Uredo chserophyllt* N. Beth Detivyler/^ and out¬ 
side Caeoma (Ur) chserophylh LvS prope Beth Detwyler/* 

The rust proves to be Fucemia (Str.) Mart. (P, 

Osnwrrhisar C. Sz P.), and the host to be Osm<irrhi^^ in ’^11 prob¬ 
ability ClaytQui (Michx,) Clarke {Myrrhis Chyt^fni Micbx.)^ as 
suggested by Schweinitz. The material is essentially identical wuth 
that of nos. 282^ and 2S31. 

*2642, 32, C XI, Hj'Knci, L,V,S-, on items of an untdentEfied Hypericum 
fare in Caroling; not tbe same with C hypericorum, Lk. 

C spots on the (ailosc-strigose stem, purples sori sparse, acturiinate- 
ovatVr bullate, clevatcdr surrounded by the ruptured epidermis. 
Spores fuscous purple, beccmiiifi efi^used. 

Represented by a much branched stem^ without leav'cs, but with 
eleven seed pods, mounted, having uredinia sparingly distributed 
over the stem, and by an empty packet labelled ^'Cscoma (Ur) 
Hyf^crid LvS. Salem/* 
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The rust is the urediniaL stagfe of Uromyces Hypencir-frmdosi 
(Scliw,) Aith., and the host h some species of Hyperktitn^ not jet 
identified^ but which doubtless can be. Sehweinitz was right in 
thinking his material quite different from hypericorum Link^ 

which belongs under the genus Aleiampsti^ra, 

I 

C. U. HeychcrjCn L.v.S.p Lk 7g, SyiL Car. 479J uot in PennsylvaniaL 
{479. zi. [Uredo] HeudierK St 

U- seated cii crthicular^ yelbwisL peridia subconcentric^ 

crowded, dark chestnut spore titans dark ju$E:ooS^ 

Here and Uiere Oft tlie Jf^avts of Heachcra Arnericana and \ih 
Icssu Fcridia at first dosed; at leDgib tbe spores, mmiitc. 

Related to U. Anemones,) 

Represented by part, about 4 by 5 of ^ large leaf^ mounted, 
having small, hypophylJous^ pulvinate^ brown sorit and by an empty 
packet labelled inside “Uredo Tiarellffi Heucherae Salem/^ and on 
outside Cseoma (Ur) Hcucheri?^ LvS. Salem/' 

The spores are oblongs two-celled, and smooth whether examined 
wet or dry. The rust is now Called pHcdnia Hcuchem (Sehw.) 
Dietel. The mounted leaf appears to be that of Pleucher^ amer- 
kana L., but the rust is known to occur on many spedeSj and may 
well have been seen by Sch^veinitz on //, zilhsa Mich.K. 

The systematic position of the species must have been deter¬ 
mined by Sehweinitz from the gross appearance alone. This would 
accoudt for its inclusion in the subgenus Ured&^ and for the omis¬ 
sion of Spore characters in the description, 

■2844, 34, C U. aprculosuiit, Lk [p* not] fv. 91^ on Phaseoltrs, Bethlehem, 
SytL Car. 47S, 

(476^ 20. [Uredo] floscnlosorum, ConapecL fun^. On Kulmia, 

EupatorEum, and other composites. (CaeoxTiurus Link)) 

No specimen or packet remains to represent this number Two 
typographical errors occur in the entry. The asterisk should he 
omitted, and the reference to Link^s work should read n- 90, and 
not '"^p. 90," the reference bring to the number of the species and 
not to the page. 

The name Uredo floscuhsGrtim was established by Albertini and 
Sehweinitz (Consp. Fung. Nisk. izS) and they named as hosts 

PItOC. A>CES. PHII., *0C-> VOL LVU, O, JTTLV 17, I 91 S, 
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Fratanthcs, Le^ttiodon and a!I Cichoriaceons compqsiteSp 

while here Schwdnili has extended the use of the name to Car- 
dnaceons composites, and even legumes. Link at the place cited 
reduced this name to a synonym, together with twenty-two others, 
under his inclusive specieSp C« afficnh^nm. Tlie sp^ies has no value 
in the modem sense, being a concept supported only by superiiciaL 
characters, and reiiresented by an incongruous mixture of species. 

2 a 4 ,v 3S. c u. appcndiculosuTTi, Lk. pi, Syn- Car, 4 ^ 7 , and Bcthlcticm. 

(47T- [Uredo] appendiculaia. Common on Phaseolus and on 

Pisum sativum. {Cafomurus.) ) 

A record in the North Carolina list that is not accounted for in 
the later one may be entered herCp as it is the same rust, although 
placed by Schweinitz under Puccitw and erroneously referred to a 
name belonging to another species of rust, 

(490, 5- tPuccinia] AvicuIaruE Fabsf, Not infrequent on 

Pbascolus,) 

Represented by a mounted packet loosely containing three leaf¬ 
lets of the garden bean (Fhascolns indgaris L.) and two leaflets of 
garden pea, while the original packet labelled '^Caeoma (Ured) ap- 
pendiculos Beth,^* has one leaflet of bean and twp of ^jea. The bean 
leaflets are well covered beneath with uredinia. The pea leaflets 
are discolored with spots but have no rust; furthermore, no rust 
has ever been found m America on the garden pea, Pisttm suthwn. 
Schweinitz mistook the spots for a common European rust, which 
he naturally expected to find under the same conditions here as in 
Europe. 

The rust on the leaflets of Phase&lns, the common bean, is 
Uromyces (Pers,) Fricj. The European rust on 

Ffsinw is a different species. The specimen preserved doubtless 
represents no, 477 of the Carolina list, showing tlie uredinial stage 
of the rust, while no, 490 of the same list is unrepresented by a col¬ 
lection, and as ft vvas placed under Puednia^ doubtless had reference 
to the tellal stage of the same rust. 
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2846. 36- C 1 ?% punctuosujn, Lk. 9^3. Syn. Car. 474 [m UJ sciitellata^ also 
BctBlchem na Euphorbia hyperici folia. 

(474- 16. [Uredo] ^futtllata. More or less frequent on Euj^orbia 
hypericifolia.) 

Schweinitz had an entrj’ in his Carolina list^ which Is nowhere 
referred to in the later one. It can he entered here, as it is the same 
rust, although he placed it under his section '^Rubigo.” 

(^59- J- fUredo] Euphorbia, Not rare on lefLves of Euphorbia 
maeulata.) 

Represented by some four pieces of branched stem about 3 cm^ 
long^ with leaves, more or less fragmentaryp inflorescence and mature 
seeds, showing a few, scattered uredinia, placed loose in a mounted 
packet, and by an original packet, containing a few similar frag¬ 
ments, labelled " Cseotna (Ured) punctuos in Euphorb hypericif 
Beth.” Another original packet eomalning fragments of branched 
stems about 2 cm. long, with leaves and inflorescence, but not mature 
seeds, was first labelled Cseoma (Ur) EupfwrbUv hyperidf non 
scutellat Sal & Bet,” then the specific name was cancelled and " punc- 
tosnm^^ substitutetl- The latter packet doubtless represents the 
Salem collection and the former one the collection from Bethlehem. 
There is no material or packet for the collection on E. 

The rust is Uromyces pr&etmnem (DC.) Pass., showing vary¬ 
ing proportions of uredinia and telia. In the interim between his 
two lists Schwelnitz had ascertained that the European name used 
in his earlier list, " scufdhta/^ applied to another rust which he 
had not found tn America, The hosts are Chamarsyte Pr<rsHt (Guss^) 
.Arth. (Euphorbtn Preslii Guss.* E. hypendfo^ia having recently 
been ascertained to be a more southern species) and Chiimirsy^e 
rnacutttfa (L.) Small {Euphorbia macitiatd L.)* 

38^7^ 37. C U. Leeuminosarupi, Lk, Syn. Car. 476, [as Ud Vki*, on 
Vida Fat^r Bethlehem and Salem, 

(47O. iS, [Uredo] Vidre, Fab*. On the &Lenis of Vida Faba. 

There is no mounted specimen or original packet to represent 
these entries. 
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If a riist were re^illy present, as there may have been, it was 
Uromyces Foi^e (Pers,) DeBar>', which Is occasionally fouod on 
the English bean, V. Faba^ m America, bat is more common on 
native species of Ficia and Lathynis. 

*2848. Q, U. Lobelix cardimaH^, Lv.Sr^ rather rare on the under surface 
of leaves ol Lobelia catilinalis, Nairareth.^ 

C spots cbsoletCi sod effused^^onfluent, not elevatedi or s^urrciundcd 
by the epidcnniSr Spores effused* pedieelled, thocolatc^puTplish. 

Represented by a lanceolate, serrate leaf, about 6 cm, long, and 
1,5 cm. wide, mounted, and by an empty packet labdkd on the 
inside Uredo Lobelise cardinal/^ and on the outside '^Qeonia 
(Ured) LobeliiE Cardiml LvS, Beth/"' 

The leaf is Avell covered with a brown effused growth due to a 
Hyphomycetous fungus, Cercoslfora r^njo (B, & C.) E. & E* 

C U. Thalictri, Lv.S., very rare but beautiful, on leaves of 
Thalktnjm cariiiiti, Bethiehem* 

C s|M3t5 ttont Son pulvinate, roundish—a line or more in diameter, 
widely ogi^re^tedp somewhat surrounded by the epidermis. 
Spores rather lar^c^ and from dmcolate to fuscous. 

Represented by part of a leaf, 1,5 by 2 cm,, mounted, and by 
an empty packet labelled CffiOma (Ured) Thalictri LvS, Naz,"' 

The leaf is thickly and evenly covered with rorntd, browii sori, 
bearing 2-cel led, and a few i-celled, teliospores of the characteristic 
form belonging to Pf^iythelh Thaiictri (Chev.) Arth. {Pucema 
Thalictri Chev*)^ on Thalictrum potygamum Mtihl. (T. Cf?rjjKff 
Auct,)- 


♦285a 4a C. U, brunneum, L.v*S,^ on leaves of an unknown plant from the 
collectkrt of Mr* ColKns, Philadelphia. 

C, spots yellowish, on the upper surface of the leaL Sori appknate, 
irre^Ur In form, variously confluent. Sporcj mmute, brown- 
fuscous, at first eon^lotinate. 

Represented by an oblong leaflet* about 3.5 cm. long, apparently 
leguminous, mounted, and by an empty packet labelled “(^iscoma 
(Ured) trun^d in fol exot CdUiiis/^ 

The leaf beats reddish-brown spots on the upper surface, their 
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Origin being obscure. Tbe microscope shows no evidence of my- 
celiunip and the spots are probably not due to a fiingtis. This con¬ 
clusion has been confirmed by Dr. C. L, Shear of Washington^ D. C. 

•2S51. 41. C IF* ChelEdonii, L.v.S.k very rare. On leaves of QielLdonluin 
sent from New York. 

Cr spots yellowish. Sorl Irregukr in forFn, clustered, confluent. 
Spores rather large^ fuscous and black, oval, loosely scattereyL 

Represented by an angularly ovate leaf* incised, 3 by 5 cnt.^ hav¬ 
ing characlcrislic white hairs, especially on the veins, mouiited^ and 
by an empty packet labelled inside “ Uredo C/jWidojiii Halsey NYlc/^ 
and outside ^'Caeoma (Ured) Cticlidomi LvS NewYk Halsey." 

The error in mistaking Os^^iorrhisa for OdidoftiHtJt was pointed 
out by Dr* W. G. Farlow in the preface to his " Host Index of 
Fungi,” iSSS. 

The mounted fragment of leaf bears two small groups of brown 
sori on the under surface^ rather puJveruIenh having both uredinio- 
spores and teliqsporcs present, identical with Puednia PimpineUtr 
(Str.) Mart. (P, Ojifferrr/iiV^r C & P-)* and essentially the same as 
nos. 2829 and 2841. It is a curious result of too credulously ac¬ 
cepting the first impression of the identity of a host that led 
Schweinttz three times to describe the same nist from the same host, 
as if representing three independent species on three wholly unlike 
and unrelated hosts. 

4. Albuffo^ 

.Vflfc.—Two nunibers are given under this heading* both true 
representatives of the accepted Phycemycetous genus and 

they are, therefore, omitted here, 

5. Sporidiis in^rquultbus (spores unequal). 

*3854. 44- c U ayrosum, Lk. 105. on leaves of Rubw& Id5eii5, Bcclitehem. 

Represented neither by specimen nor packet. There is, how¬ 
ever, an original packet labelled "Csoma (Ur) g>rosa Reb, in Rub 
Id. Kunze," and a similar one in the Herb. Curtis at Hansard Uni¬ 
versity. This collection shows a few small fragments of raspberry 
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leaves, bearing pycoia and secia of a Pliragmidhim on their upper 
surface. It is possible that this European material represents the 
entry, inadvertently made for North America. It stems more prob- 
able that Schweinitz found a rust at Bethlehem, which he consid¬ 
ered the same, but for which there is now no specimen. If so, the 
host was probably the European red raspberry, at that time much 
cultivated in American gardens. In tliat case the rust may have 
been the wdal stage of Phragniidlum imitans Arth., although 
Schweinitz nowhere records the more striking telial stage. The 
eiiact status of the record necessarily remains uncertain. 

•2855. 45- C. If. cyllndticum, Lt loft. on Popului italica, Bethlehem. 

Represented by a g cm, square portion, cut from a targe, firm 
leaf, mounted, and by a few small fragments in the original packet, 
which is labelled “Caoma (Ur.) cvtindrica [>opuIuta Bet." 

The fragments of leaf are well besprinkled with uredinia, and 
the micrpscopic examination shows essential similarity to the ure- 
dinial stage of ifehntpsora McdiisiT Thum., the common' American 
rust on various species of Popuhts, The host may well be the Lom¬ 
bardy poplar (Popuhis dihWa Ait.), as stated, although no other 
collection on this host has come to hand, 

*3856. 461 C, Li. epiteum, Lk. iia, on leaves of Satix nigra, tu'er nearly the 
whole irtty Bcthlchcni. 

Represented by two short stems with respectively tw-o and three 
attachctl leaves and three unattached leaves placed loosely in a 
mounted packet, and by small fragments of a young stem and leaves 
in the original packet, which was at first labelled “ Uredo epiteum 
in Salid nigri Beth." then the word "epiteum" crossed out and 
"Saliccti" substituted, and afterward the first w'Ording restored. 
All the leaves are coveretl beneath rather sparingly with uredinia. 

The collection is the first to be recorded for the very common 
American form on various wdllows. jV/riaiw/*jora BigcIowH Thum. 
The spores are noticeably small and thin-walled for the species. 
The ivtllow rusts are yet imperfectly understood. The host is 
clearly 5a/f.r lu'^ra Harsh, 
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jS, Subgitnus .tciBiusi. 

*2857. 47. C A, Con^'^lUrtatuin^ Uc- ii4r on leaves of Smibclna racemosa, 
Bethlehem, ver^' rare* 

Represented by a mounted specimen oF ihe middle part 4.3 cm. 
long^p of a 2.5 cm. wide leafp bearing beneath about ten small groups 
of cTreinating seciap and by an empty packet labelled Cofi- 

z^alhriaium Salem.*' 

The rust is an hetercecious formp without doubtp and is usually 
considered to be the aecial stage of Fucemia J/d/criit/ic? (Schum.) A. 
& H.^ occurring in both Euro|ic and America on Fhohris and other 
grassesp but the genetic connection has not been fully established for 
the American matcriaL 

We must assume that Salem” on the original packet was an 
error for “Eethh” in view of the printed record, which is starred! 
and does not mention Salem. 

Tlie host was doubtless as statedp rac^mosa (L.) 

Motdng (Smflacttm raccui^sa Desf.) 

285^1. 48. C. A. U^uTariatum, Lv.S., Syti. Car. 453, hardly C. Alliatutn as re¬ 
ferred by Link, n. 116, for u differs \u having‘ spots rather small, 
never exceeding ai fourth of an inch, also in being white. 

(45^. 24 . [.^cidium] U^TjiaTlie Sz. 

A. orliictLiar, white, deli<aieT peridia exCCnlric, eircinatc, white, 
^iporc-mas^ whiter 

Here and there on the leaves of Uvulana perfoliata. Peridia 
crowded in coaeeniric circles, none in the center itself. Similar to 
.A. Allil ursmi, bat the color in that is yellowish.) 

Represented by the proximal half of hvo perfoliate leaves at¬ 
tached to the 2.5 cm, stem, mounted, one of the leaves bearing a 
single, rather diffused group of secia, and also by an empty packets 
labelled on the mside “^^iddium circinatum Rhig In Uvularta perfol 
& Polygonattim Salem*" and on the outside '* ..^cldium Uvulariatum 
LvS. Salem," 

This rust has the same uncertain status as the preceding one^ but 
is generally considered the acial stage of Fticdma Majanih^ 
(Schum.) xArth. Schweiniiz's name was changed on p. 309 of his 
later work to (Cirmm) uttihria£iim. 
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4$. C A. Smilaclnsitum, L.v.S.^ S>ti. Car. 45^ Lk. not met 
with in Pennsylvanio, 

(452. £3. [.^idium] Smi!ac!s Sz. 

A. wart-like^ convex below^ concave above, yellew-fed, perldia 
copions, spores white. 

Here and there on leaver ol Smilax rotnndi folia and buri folia* 
Very distinct. Makinf^ thick, ccnisc-Cidindric warts on the under side 
of the leaf. These warts are somewhat truncotc and on the pulvinate- 
truncate part covered with sunken tsf iidia, two lines to a quarter of 
an inch wide and tw'o or three lines high. Spores white, rather large, 
O’l^l, vesicular*) 

Represented by a nearly round leaf^ 5 cm. in diameter, mountedj 
bearing one group of secia* and by an empty packet labelled inside 
“jEcidium Smilads In S, rotundifol & al Salem/* with the addition 
Caeoma Smiladnatum/* and on the outside ** *^ddium SmUacma^ 
him LvS Salem.'* 

This is the ascial stage of Puciilnh SmUacis Schw*, a rust that 
is widely distributed in the southern states, and tropical America. 
The secia are rarely collected, and so far have been reported only 
from North and South Carolina. The name was changed by 
Schweinita to ^etdiam (CfiCOtMa) ■rjiEifocfnnfiiiii on page 309 of his 
later work. 

aB6a |o^ C A* Arolibtum, L.v*S, Syn+ Car. 457. [as A] Cabdii* on Arum 
virginiciiiTLj Sabiru 
(457* sS, [iEcitliurri] Caladii Sz^ 

A simpler on very extended areas, peri db rufous-yeltow, sphserb- 
f erm, sporc-inass orange. 

Frequent in some j-eara on the tnidrib of the leaves and the 
5ttm:5 of Caladium aagilUefolium; it kllla the plants. The closed 
peridia resemble Sphztrlaa). 

Represented by the middle part, 3 cm, long, of a 5 on. wide 
leaf, wdth over-mature *cia along midrib and large veins, now eaten 
by insects, and by an empty packet labelled inside ^iicidium Caladii 
In Calad. Salem,” wdth the later addition ^ Qeoma aroidatum/' and 
on the outside “iEcidium Caladiatum LvS. Salem,” with the sub¬ 
sequent addition ** Aroldat,” 

This is the sedal stage of Uromyces Caiadn (Schw.) Farlp and 
on Pellandra vir^nica (L.) Kunth {Arum virginicum L.), see also 
no. 2839. The name CiFoma Ar^tdatum should have been credited 
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to Lmk+ n* iiS. Schweinitz changed, the n^e to ^cidium 
{C^&ma) aroid(itnm on page 309 of his later work. 

51, Cp a. Dracontionatupi, Uv-S-r fr^iuciit on leaves and petioles, 
and also on tJae scapes of Anim dracantlum, Bctfiletcni,. Not 
the same as the preceding. Also Salem. 

C spots pale, widely scattered over the leaf, occupying nearly the 
whole of it Rseudoperidia large, scattered Irregularly in dense 
clusters on tlie spot Spores orange Color* 

Represented by a nmch broken leaf, 3 by 5 cirt., mouittcd, thiddy 
covered beneath with large secia, and by a packet labelled inside 
“.^cidium DraconGi In Aro Dracont Salem/’ and on the outside 
^'.^ddiuin Draconimi^m LvS Salem/' containing a few very small 
fragments of leaf, showing 3&cia, 

The differences noted by Schweinitz between this collection and 
the preceding one are now ascribed to the inAnence of the hostp and 
the form is referred to Urotnyecs Ca/^iifiT (Schw,) Farl, the host 
being Muritauda Draconitum (L.) Small {Arum Dracontium L., 
Arisiema Draconthtm Schott.). The name of the rust was changed 
to JEcidimn (Cfrom^) dracontiomtum on page 309 of his later 
work. 

* 2062 , 52. C. A. rulMlIatuni, Lk. n. 12a fiither r&rc on varioni spcfies of 
Rumex. Salem and Bcthlehcin, Spots gcncraJly sterile. 

It is evident that Schweinitz shoiiJd have dted here the follow¬ 
ing similar entry in his North Carolina list, and have omitted the 
asterisk. 

(433- 4- [iJEcidtum] Rumids- Frequently seen ai spoti on Rutnex 
and Grossularia; but the fungus is very rarely perfect.) 

No specimen or packet remains to represent these records nor is 
there any in the Herb. Curtis at Harvard University* Both entries 
are without doubt founded upon errors of observation. Rumejt 
leai^es arc often spotted from the action of fungi imperfecti which 
could easily be mistaken for the small acia not uncommon on this 
host in Europe. The mention of Grosstdorio was doubtless in con¬ 
formity with Persoon, who thus associates these hosts. 
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^3. S3* C A- LysiinachistuTn, Lk, isS, Syn. Car. 438;, ab*$oliiiely th-e sairtt 
In PtnnsylvanUp generally on L. racemosa. 

(438, ^ [Aicidium] Lysiniachlst Sz. 

A. diffuse, pak, rather stnalL eplpliyllon^, peridia crowded, den¬ 
tate, sporc'inass somcwhal fiesh colored. 

On leaver of Lysitnachla quadrifoJia and stricta, unless per¬ 
chance two* species exist; for the one on quadrifolia Is not pale, but 
tinged with a red color, it makes a rather small spot on the upper 
surface of tlie leaves.) 

Represented by a somctvhat tom leaf, 1.5 by 4 citi.p bearing be¬ 
neath a rather diffuse, compound group of old a^cia, and by an empty 
packet labelled inside ""^^cidium Lysimachii in L. quadrlfol Sal," 
and on the outside “ .Ecidiuni Lysimachiatuni in L. quadrif. 
Salem." 

Schweinitz's statement, "absolutely the same," doubtless refers 
to a note in Link^s work as to the identity of .\merican and Euro¬ 
pean material which mycologists stdl hold in general with Schwei- 
nitz to be one, akhougb Link was too uncertain about the matter to 
accept Schweinitz's name as a basis or even as a synonym of his 
C, founded upon Scblechtendahi^s C. 

which was published tsvo years later than Schweinttz's name. The 
fungus ife notv accounted the scial stage of the Carex rust, usually 
called Pitcchiid lhnos&: Magn., a widely scattered but rather local 
species, recently given the name P. lysimadiiata (Link) Kem, there 
being already a P. Lyshnachiir of Karsten, 1879. 

Both spot and <ecia on the mounted leaf still appear reddish, as 
stated by Schwetnitz for L. qtwdrifofm. The hvo names, L. 

Ait. and L. racemosa Lam., are now considered synonyms of L. ter- 
restris (L.) B. S. P. 

206 + B 4 - C A. FcntsEcmQniatutn. L.v.S.. Syn. Car. 440^ Lk p. 47^ only ob- 
sen ed in Carolina, 

(449- 20, r-Ecifhym] Pentastemonii Sz, 

A orbicular, rather small, denst, purple, yellow beneath, perfdia 
white, congested. 

Kol infrequent on leaves and stems of Peutastemon birsutus. 
lyistinct species. Two lines broid Peridia large for the size oi the 
plants. Spores yellow-brown, $inipk, vericutosc) 

Represented by an original packet, containing three fragmentary 
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kav^s and a small portion of a stem, now in rather poor condition, 
and showing only a fe%v secia on one of the leaves, labelled inside 
“JEcidiuni Pentstennoiiitis Saleni,^^ and on the outside *\Tiidium 
Peittstemoniai LvS SalemAlthough there is no mounted speci¬ 
men there are pin marks where one may have been attached. 

The rust is common in the easteni United States, and is the 
secial stage of no, ^3911, Puccmia Andropogonls Schw\, as proven by 
cultures first made by the senior author in 1S99 (Bot. 39:272)^ 
and subsequently repeated a number of times. The southern Pent- 
corresponding to the northern P. hirsuii^s^ is F. australis 
Small. Schweinitz changed the name of the rust to 
(CiTOtna) pent^tentomatmu on page 309 of his later work- 

55+ C, A Apocynatum, L,v.Sn Syn, Car. 44ft, Lk. n. 135, not yet [seen) 
* Til Pennsylvania. 

{44S. 19. [^idium] Apocyni S*. 

A. orbicular, very large, orange, pale below. Feridia arranged 
in a few concentric circles, somewhat fuscous. 

On leaver of AiKKyiium cannabiniim in the moiititains. Spots 
delicate, Peridia when closed from yellow to chesuiut-brown or 
somewhat fuscoUSi when open with a pale, lacerate margin. Spores 
simple, white,) 

Represented by a mounted specimen of the middle partp 4 cm. 
long, of a 3.5 cm. wide leaf* bearing beneath two groups of cecia, 
ccntrnlly placed on dark spots 7 nim. across, and by a packeE con¬ 
taining a small part of a leaf, showing no fungus, and lahelkd 
'* j^etdium ApocyMiaiitm in Apocyri. pubes, Salem,*' 

This rust is not much better understood than in the days of 
Schweinitz. Only six other collections are knowm to the WTiters. 
which have come from Delaware, New* Jersey, District of Columbia 
and North Caroli™. It is probably a hetercecious form, but no 
suggestion has been made regarding the alternate host The name 
was written Aicidium (Cffouia) apoeptaiutn by Schweinitz on 
309 of his later work. 

2856, s6. C A. Cenvolvulatum, Uv.S., Syn. Car. 454, vcr>' frequent also in 
Pennsylvania on C, panduratus. 

{454, 25, [j^ddium] Ipomccse-panduranat £z. 

A. very large, bullate, depressed above, white, peridia flexuose, 
rather laree, elevated, ruptured by a slit. spO re-mass cinereous- 
go 3 d^n-red. 
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Frequent on the leaves of liM>TTtcca (Convolv.) pandurana. Per- 
idia ditck, the loose epideritiis larger than in almost any JEctdia, ex¬ 
cept cortiutom and cancellatum. Spores rather smalls oblotifif.) 

Represented by a mounted steni^ y cm. long, and part of two 
leaves^ and by an original packet^ containing ample material^ and 
labelled in side ** j^ddium Ipomseae in pandnrata &: lacuno^a Salem 
and on the outside ^‘j^Lcidium Convulvuliat LvS. Salem & Belh tn 
Conv. pandurat/^ 

The fungus is certainly and wholly Ipiivur^^-pandurance 

(Schw.) Swingle one of the Peronosporales, and not a nist. The 
name was changed to ^^ddium {Carofm) c&nvoJvnlaium at page 309 
of the later work* 

^ 7 - S7- C. A. Compositarum, Lk, n. and frequent in Pennsylvania. 
aPrenanthls on Krigia, Salem, Sjm. Car. 4;^ 

^Eupatorisen Bethlehem, frequent on E. ptirpurcum. 

(434. 5. [.^idium] Dandeliodis 

Why not merely a variety of ^^idium prenanth]$, to which 
it is very similar? Spores ^ubglobosCp witbont septum ped¬ 
icel, chestnut-brown. On leaves and stems of Tzagopogon Dan¬ 
delion. RiareJ 

Represented by an oriernal packet, containing a few very small 
fragments of a leaf with many secia, and labelled inside '‘.^cidiiim 
Eupatorise maculate Bethl " and on the Dulside “.^ddium Eupti- 
tanatum US Beth,'* with “ compositattim w ritten above. There 
is no packet for the ocher entry, and no mounted material for either^ 
although there ts indication that there may once have been a mount 
where pin marks now shovl^ 

The aecia on Eupaiarium are doubtless to be assigned to the 
widespread rust, Fiiccwia Ekoch^ridis Arth., %-er>' common both 
north and south, the uredinfa and tel la being on various species of 
EleodianSj and the ^da on %*arioits spedes of Eupat&rium, includ¬ 
ing both £. ^nacuhtum L. and E. purpureum L. As the fragment 
in the original packet shows the lea f to be smooth above with minute 
sparse pubescence beneath and not at all scabrous^ the host is doubt¬ 
less En pur^tireufn and not JS. the conclusion evidently 

reached by Schweinitz, 

The identity of the form on Krigm is somewhat uncertain. The 
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color of the spores fits well the urcdinia of Pyrrhop^ppi 

Syd. (P. Krigiis Syd.), the only known collection on Krighi having 
been made by Dr. E* L. Eobinson at Asheville, N. C.^ Aug. 2 , 1S93, 
On virginica WiJld. But that form 01 rust has scattered sori, 
and not clustered as in an JEcidiurn. SchweinStz thought the fungus 
not unlike Frenmlius Pers.^ and fortunately there Is a 

specimen of this species in the Sduveinita collection^ which had 
been received from Kunze^ It consists of a smooth, thin^ deltoid 
leaf, some 5 or 6 cm. across, which bore a single cluster of secia^ 
most of which has now disappeared. It is clear, nevertheless, that 
Schwcihitz must have had an cecidioid fungus on the Krigia. The 
only known form on Krtgia with elnstered sori having chestnut^ 
brown'"' spores is that of the short-cycle species which at another 
time and on another host Schweinitz called Fucdnin {see 

no. 2922)- The teliospores germinate at maturity in the soms, and 
placing some of them under such magnificatioii as Schweinitx prob¬ 
ably used, gives the appearance of spores subglobose, without 
septum and pedicel.^' 

Tlie host was well known to the contemporaries of Schweimtz, 
and commonty called the “'small dandelion'"' (see Muhlenberg's 
Cataloguet p^ 71). It was considered closely related to Prentinth^s. 
The latest form of the name is Adopogon Dandeiion (L,) Kuntze. 

*j 386SL 5S, C A, Hieraciatum, Uv.S,, tsere and there on the leaves of H. 
pan inilatiiiii and macuUtuni, Eeihlehcm. 

C spots deep purple^ widely effuiwtiL Fscudoperidia cirdnate, on the 
center of the ^pot marpns bcawti fully fimbriate, spores orange. 

Represented by 5.5 cm. of a lanceolate leaf, 2 cm, wide, denticu¬ 
late, slightly pubescent beneath, having two groups of aecia, and by 
an empty packet labelled ** /Ecidium hier^cialum Lv Hieracii panicu- 
lat Beth." 

The host is correctly named, for the leaf exactly matches the 
leaves of a phanerogainic specimen collected by Schwetnitz at Salem^ 
N, C., now^ in the herbarium of the Philadelphia Academy, which is 
without question H. panicnlaUtm. 

The name of the rust was changed by Schw^einitz to JEcidium 
(C^^OHla) /jrVrflc/atiftH on page 309 of the same \vork. The rust is 
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undoubtedly idenlical with a widespread species, having telia on 
Car^x and ^cia on many Cichoriacepiis hosts, but it has not been 
reported by any other eollector on Hieradum taniculatum. The 
species has generally been ealled Puccinia p^trudis Arth., but 
Sclnveinitz^s specific tiame is much older and should therefore be 
used, making the name P. hieraclata (Schw,) comh* nov. No other 
collections of P. hicradala^ cither of scdal or telial Stages, are 
known with certainty east of Michigan and Indiana, but it is not im¬ 
probable that the species occurs sparingly in the eastern mountains. 

C, A. E^iger^^rtatilm^ L.v.S., rather rare but ampSe on E- hetero- 
phylTus, Betlikhem. 

C. spota vcr>' larfft, yenoTAishn rather tlilek. P^eudoperidpa densely 
and irregularly seattered, elet^aied. Sp<irc£ yellowiab. 

Kepresented by tlie major part, 5.5 cm, in length, of two leaves, 
2 and 3 cm, broad respectively^ the smaller showing four groups of 
^cia$ and the larger many secia thickly and evenly grouped over 
an area 2.5 cm. across^ and also by an empty packet labelled inside 
**jEcidium Ftosculosoruiu Salenip'^ later added below '*in Solidago, 
Erigeron, Aster^," and sdll later added above " Caroma astenitunn” 
and finally “ erigeronatum/- and also labelled on the outside 
'*^T^cidinm conipositat En^^r&natutu LvS Betlil.^' 

The hostp which has been compared writh phanerogamic speci¬ 
mens, is certainly Eri^eron fiiitiiniy Pers, (E* hcli^rophylius ^ruhl.), 
and the rust is the common one on this host, being the i^ial stage 
of Puccinia Asttnim (Schw.) Kem, and belonging to the physio¬ 
logical race represented by the name Fuednia Carids-ErigerQiiiis 
Arth,, as proven by cultures^ SiJiw'cinitz changed his name to 
JE^idium (Orojwa) on page 309 of the same wc 5 rk, 

So. C. A, Astcratum, L.V.S., Syn. Car. 444- Lk, 143., coTnmon, especially 
on A, paniculatua. Link does well to join with this C Soh- 
daginis, S>ti. Car. 446, and C. Verbcsijuc, 445- But C. Heltanlhi 
does not belong here. 

(-yi-1- i> [/Ecidium) .-^stcruin 

A. effuse, confident, yEr>' dcltcate, pale, purpUsh, peridia aggre¬ 
gated, Immersed, spore-mass w'httc. 

Here and there on leaves and stems of smooth leaved Asters.— 
Spores rather Iarge» vescicular, globose or oblong, simple.} 
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(445. 16. [d^idinm] Vcrbcsinx Szr 

A. oval, inather thickr pale feddish yelloWp peridia few, 

prQiniiiieiit, white. 

Frequent 011 Verbesina, Sigcsbeckia^ and others. Spots four 
lines in diarnctcT. Spores simple, ver>^ small, pale, inaTT^'ns of the 
peridia entircK) 

(446. 17. [.^cidtuin] Solidaglni^ Sr. 

A. cfFttse, rather large, peridia scattered, minute. 

Frequent on stems of Solidagos before flowering^. Sitnilar to the 
preceding.) 

Neither specimens nor packets remain to represent these entries. 
Scliweinitz was right in putting the S&lldago secia with those on 
Aster. They go with the AsterSiyiidago-Engerm-Carex combiria- 
tion lately passing under the name, Pucemm extensicola Plowr., 
along with the preceding numthor, one belonging to the physiologicaJ 
race, Puccima Caricis-Asieris^ and the other to that of F. GiriViV 
SoUdaginls as abundantly indicated by cultures. The present ac¬ 
cepted name is Fucdum Astcrum (Schw.) Kem, 

He was also right in excluding A, here given 

under the subsequent number; but he was wrong in retaining 
F^erbesinar. The Verbrihm ^cia belong with the autoecious rust 
Puednia Verbrsift^ Schw. (see no. ^29^5), a rust which is common 
throughout the southern states. All collections of this species ap¬ 
pear to be on F. ocddaitdis (L.) Walt., which doubtless was the 
host of Schtveinitz''s no. 445. No rust has yet come to hand on 
Siegcsbe{:kh (Actmamcris), and the inclusion of the name must 
have been due to an assumption not supported by collections. 
Schweinitz claimed authorship of this species, hence places his 
initials after the name, although IJnk was the first to WTite it in this 
fomip as Schvveinitz was well aware. The name was written by 
Schw'einitz j^c/dfriwi (CdTOWiu) astcratum on page 309 of his later 
work* 

2671. 61. C A Heliantiiatmn, L.v*S-, Sjm. Car. 450, frequent on H, mollis^ 
Rare in Fcutii>'!vanja. 

(45a 21. [^Ecidium] Helianthi mollis 

A obiqnff, thick, whitish, peridia congested, pale, spores oblonif. 
Frequent on the under side of the leaves of Heliauthus mollis; 


220 ARTHUR-BI SB Y—TRANSLATION OF SCHWEINITZ’S 

hairy. Spores TinJcr the microscope yellow-fuscous, vesicular; when 
oM pellucid, white.) 

Represented by u lanceolate, very tomentose leaf, 4.5 cm. long, 
and part of another similar leaf, both mounted, showing small 
groups of secia. An empty packet is labelled inside “/Ticididm 
Helianthi mollis Salem,” and outside " /Ecidium keUaKth^ma LvS. 
on Helianthi molli Salem,” 

The name was changed by Schtveinitz to Mcidium (Ccroma) 
on page 309 of his later work. This collection rep¬ 
resents the basis for the earliest name to be applied to any part of 
the cycle of the American sunflower rust which is generally called 
Puccittid Helianthi Schw. A less convenient, but technically more 
correct name, therefore, is P. Kelianthi-mollis (Schw.) comb. nov. 

•2S73. 62: C A. Trachetifoliatum, L.v.S., here and there on the leaves of 

HeliATitliiis trachetifolius, BeLlilehem. 

C spots broadly e^TlJsc, yellowish or rufemsH coniu^nt, Urge. Pseti- 
dopendia very densrcly in the cenlcrt as if crowded 

and oppressed to each other, and hence somewhat angular, mod- 
erktdy elevated; margm not fimbnale. Spores yellow** finally 
decolored. 

Represented by parts of two originally large kaves, 3 and 4 cm. 
broad respectively* mounted, and by three broken leaves and many 
fragments in the original packet, which is labeled “ jEcidiiiiii Heli- 
anlhi trachelif." The leaves bear a number of groups of ^cia. 

The fungus is the ^ial stage of the common sunflower rust, 
Piictima Heiianthi-nioUjSj and the host^ so far as the specimen 
shows, is as given by Schweinitz. The name was changed by 
Schweinitz to ^ddhtm (C<roiua) frackdifollatjtm on page 309 of 
the same work, 

63^ C. A- Gnaphaliatniti, L.wS,, striking and very comitioii in the kte 
autTimn on leaves (tinder side}, on the woolly stcni^ oi 
Gnaphalium polyceohalnm, Bethlcheni- 
C hypophyllons, at first cloaked in the wool of the leaves and stems. 
Spot* more or less effuse, yellowisk Pseudopeddsa only a few, 
hut densely apprd!?tiiTtatep very often even single, very long, and 
very white, i^ylmdrlcp apcK fimbriate. Spores orange yellow. It 
it related to C, Pini in the form of the perLdium. 

Represented by two stems, each 6 cm, long, and many crumpled 
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leaves, loose in a mounted packet, and by two original packets, one 
containing a stem 12 cm, long, and a few leaves, labelled ".^idium 
Gnaphalites LvS iSaS,'’ and another containing a few leaves labelled 
"Cseoma JEddiuni Guajfhaliium LvS. spec, exim," The collection 
shows a few secia. 

The host is without doubt C. obtusifotium L. (C. polycephalu}3t 
Michx.), and the rust is the a:cial form of what has commonly heen 
called Fuccinia invatita Schw. (no. 2933), but owing to the prior- 
itj' in position of the present specific name, should be called P, 
gnaphaliau (Schw.) comb. nov. The name was changed by 
Schweinitz to Mcidimn (CVroiwa) gnapfialitatum on page 309 of the 
same work. 

*874, tM- G. A. Clematitatum, L.v.S., Sin. Car, 447—and ullected in Penn* 
si'lvania—a good species. 

(447, iS, [.r^ddium] Gematitis Sz. 

A* pale red, peridia congested, few. 

On younger leaves of Dematis Viiginiana, Bethany, A valid 
species?) 

Represented neither by a specimen nor a packet. In his Caro¬ 
lina list Schweinitz svaa in doubt about the validity of his spedes, 
but later fdt assured, and consequently added a gmd species " in 
his later list. There can be no question, however, that the fungus 
is one identical with the well-known JEcidimtt Clctnatidis DC,, and 
which has now been proven by cultures in both Europe and Amer¬ 
ica to he the iecial stage of Puednia Cle»taiidis (DC.) Lagerh. (P. 
Agropyri Ellis Si Ev.). 

The variable use of f and rf in forming the suffix was not un¬ 
common among the earlier mycologists, where in recent years d 
only is employed, thus the spelling " CIcmatitis,'’ instead of Clema- 
tidis, etc, 

Schweinitz changed the name to ^cidtum (Cteoma) clematilit- 
luitt on page 309 of his later work, 

3 S 7 S- 65 . C A. Rattuitcolaeealiini, Lk. [n.] 13ft Frequent, Carolina (Syo. 

Car, 440) and Pennsylvania gn vanous- speeiei of Ranunculus, 
t g, R. abortivus and others. 

WtOe- MCBS. PatL. SOC.. vgt, LVII. P, JtfLV 17. IJJiS, 
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l[44a 11+ l^cidium] Ranunculi (gbortivi). Frequent on tlic round 
radical leaves^ almost devoid of spot$0 

Represented by three radical leaves of Ranunaihts aboriimts L,, 
2.5 cm. broad, jiiounted, well covered beneath with secia, and by an 
empty packet labelled inside “^iicidium nhtdi Salem/* 

and outside -^cidium ranunailiat Ran abortivi Sal & 

Schweiiiitz was correct in his first list in considering this fungns 
distinctive^ and in error later in assigning it to Ltnk^s inclusive 
species. It occurs only in America, and in the eastern United States 
only OR Ri^nmicuhis aborthmSj l>eing the iccial form 0! Piicciwfa 
Eaioniit Arth. 

*2876. 64 C. +A, CittiECifugatucn, L.v.S., ver>' beautlfnlp rather rare an leaves 
of racemcisa, B^thleheni. Where found almast all 

leaves are infested 

C. spots largCi orhicular, yellow, bHlIate, Pseudoperida on the lower 
surface^ Concentric, very long, o'l^^dt^c^ apes at first closed 
then subhmbrlate. Spores orasige^ becominff white. 

Represented by parts of three leaves, each part about 4 cm. 
long, niounted, showing considerable groups of vety long cylindric 
peridian and by an empty packet labelled inside ** j^cidium Actsese 
near Easton on Delaw are very rare/" and on the outside *" j^cidium 
ActeseaLum LvS Bethip*' with Acte^eatum crossed out and ** Cmiici- 
fugatiini'^ substituted for it. 

This imperfectly known rust is even at the present time a rare 
form^ It is probably betercecious^ and may belong to some grass 
rust, Schweinitz changed the name to jEadium cimid- 

fugaium on page 309 of the same work. 

*2877+ 67* C A HihLsciatuni, L.v,S„ on leaves of Hibiscus mshtaris, Beth- 
lehtni. Cultivated, not rare. 

C spots orbicular, yellowish, condueiiL F^eudoperidia irregularly 
but dowdy scattered, delicate, yellow. Spores not Eotnpact but 
loose, yellowish* 

Represented by one obliquely triangularH^vate leaf^ 3 by 5 cm., 
mounted, having many groups of acia, and by an empt)" packet 
labelled '^Cseoma JEcidium Hibtscatmn LvS in H. militant Beth,” 

The rust is the secial stage of Pucemia hibisdata (Schw.) 
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Kcllenn, (P. Mubhnbirgti^ .Arth. & Holw.), on Mulilenbcrgia. and 
other grasses, as repeatedly proven by eultures. Schweinitz changed 
tlie nanie to JBctdium (Cteoma) liibisciaittut on page 309 of the 
same work. 


* 38 ? 8 . C. A. L.v.S., scarcely C. quadriiiduin, Uc. a. iga 

Here and tliere on degeiterace leaves, i. t, not trilobate, but nearly 
renifonn and multilobed. of Anemone hepatica, Bethlebem. 

C. spots entirely wanting; the leaf, nevertbcless, on which it rests 
degenerates. PseudoperidEa very large, broad, the margin ex¬ 
actly cleft into four parts, re volute, the lobes broad, brown. 
Spores fuscous-brown. Occupying the whole leaf. 

Represented only by an empty packet labelled “.^cidiuni He- 
paticatum Bethlehem. 24.” 

It is probable that the failure to recognize this nist as the 
^^cidium qimdrifidinii DC., found on Aitet 3 tone in Europe, was 
largely due to the peculiar distortion of the leaf produced by the 
fungus in the case of Hepatica. The form on both Hepalka and 
AuetnoHe is the accial stage of the plum rust, Tran^jc/jef/B puitctata 
(Fers.) Arth. (PwraHid Pr(f«i-/^/it£Wfe Pers.),aiid is on the common 
liver leaf of the eastern states. Hepatica Hepatica (L,) Karst. (H, 
iriioba Oiaix,, Attemam Hepatica L.). The combination .^EeWiwiw 
{Ce-oma) IiepaticatUM is made by Scluveinitz on page 309 of the 
same work. 

28/9. 69, C A. Geranialum, Lk. 156, on (caves of Geranium macuktum and 

G. earoliniRiium. Exactly identical with the European. Syn. 

Car, 443, 

f-MJ- 14. [.^cidtumj GetaniE maculat! S*. 

A. diffuse, hypophyllous, thickened, red, peridia dense, broad, 

sincK>th on the mirgin, ye] tow. 

PfCTjiJcnt and Icirgf on leaves of GcranStim in4i.ciilsLtuni. Oil tfic 
tipper surfaee of the leaves ii make^ a dilFu^ spoL Foridia densely 
aggregated. Spores siitipk, globose, celtukr under the microscope 
yeJJoiv-fuscoiu; some are united in pairs as if compound, and very 
rarely are fumkhed yd^ a pedicel > 

Represented by the centiol part of a leaf, 2 by 3 cm., mounted, 
showing one large group of »cia. and by an empty packet labelled 
inside "/Ecidium Geranii maculat Salem,'* and on the outside 
".Ecidium Gerauialum LvS G, maculat Salem.” 
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Schweinitz’s mdusion of G^-raninm (arolmanum as one of the 
hosts must have been a hast}' generalization. A specimen of this 
plant in the phanerogamic herbarium at the Philadelphia Academy 
of Sciences, obtained by Sthweiniiz at Salem, shows that he was 
familiar with the plant, but no scia are known to have ever been 
collected on the species, or on any American Geranium with similar 

loaves, . , , 1 

Although Schweinitz adopted Link’s name, yet Link hesitated to 

place the American rust under his species, and properly so as time 
has proven. Link’s form is a stage of Uromyces Geranii (DC.) 
Otth & Wartm., an entirely different rust. 

The Schweiniti form is the iecial stage of Piiccinia Potygani- 
ampkibii Pers., as established by cultures in both this countiy and 
Europe. Recently some European mycologists have eoostdered 
that the American form of this widespread spedes should be treated 
as distinct from the European form. But it would doubtless be 
better to consider the species as made up of a number of more or 
less distinct races, and that the common form In America is a race 
different from the common form in Europe. 

s 3 Ba ?o, C. A Ijripatieutaujni, L,\-.S.. S>'n. Cir. 442 , Link 57 in a note, 
also Bcthk^em. 

(442. 13. [^^ciclitim] Impatieiilts Si, 

A. tfTusc. large, beectnilng pale, perldta in the center, sparse 
crenate, spores ralhef large. vcll[3iW'fu5^0iiSp simple- 

Frequent in May on the leaves of Impatlens maculata. It sitfclls 
the leaves and stains a broad j-ell^wish spot^ darker in the center-) 

Represented by part of a leaf, about 3 cm. long, and 2 cm. wide, 
mounted, bearing a single large group o£ secia, and by an empty 
packet labelled inside “/Ecidium Impatientis Salem,” and outside 
**iEctdium Imfaticrttai LvS Salem.” 

Link, at the place cited, indicated the possibility that this form 
might belong with the preceding one. It is, however, different, 
although having much similarit}- in gross appearance. It is, in fact, 
the arcial form of the American Pitccinia Impatientis (Schw.) -Arth. 
(P. permhiHta Arth.). having telia on Elymus. Agrostis and other 
grasses, as proven by cultures. The name was changed by Sehwei- 
uitz to Ecidium (Cttotna) tmpatieittatutn on page 309 of his later 
work. 
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2S81. 71. C. A Bert>eri datum, Lk. iS 7 i on Berb^rl^ canaden^is^ Carolina. 

This ntiniber is not starred p and it is probable that a reference 
to the record in the North Carolina list was Omitted unintentionally. 
It i$ here added, 

(437. fi. h-EcidiuTti] Berberidis, Rather rare on leaves of Berbciis 
vul^arUp covering the moimlaips of Wilkes County.) 

Represented by a mounted specimen of a stout, ash-gray stem, 
3.5 cm. longp having two fascicles of leaves, two full-grown leaver 
in one fascicle and three in the other, each leaf j.5 by 3 cm* or some¬ 
what JesSp bearing a number of $inall groups of young xcia, one 
group only appearing mature {see cut). There is also an empty 



Fio. [. From a photograph of the mounted spedmEU in the AcadEmy of 
Natural ScIeuccs of Philadelphia^ basis ot SchwEinitz'g No. ^iSBr Each 
^pedtnen m the mounted set is treated essentially in tlic $aiTLe manner. The 
writing was done by Michener. Engraved full sire. 

packet labelled inside /Ecidtum Berberidis/^ and on the outside 
“ ^cidium Berberidat in Bcrb canad Salem 

The rust is the secial stage of Pucemia p&cuiiformis (Jacq,) 
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W'cttst. (F, Pers.), wliose telia are %'«y coiimion on grains 

and other grasses. The secia have never been taken in America 
upon wild species of barberrv', unless this record by Schweinita is 
such an instance. In the Carolina list they are said to occur on 
Berberis vulgaris "covering the mountains of Wilkes County,” 
Evidently Schweinit* sometime after collecting his specimen some¬ 
where in the vicinity of Salem learned that the native Berboris in 
the mountains near Salem, K. C., is B. catiadaisis, and his collec¬ 
tion was later so labelled and so recorded in his North American list. 

There is in the herbarium of the Academy of Natural Sciences 
of Philadelphia an ample and characteristic phanerogamic specimen 
of B. camdemh from Salem, N. C., collected by Schweioitz, and 
another from Statesville, N. C,, collected by Gray, Sargent, Red- 
field and Canby, making it certain that B. fianadcnsti did occur as 
stated. But comparing the mbimted cryptogamic specimen, which 
must certainly have been the original collection, it is easy to see that 
it does not agree well with the phanerogamic specimen by Sclnvei- 
nitz or the same species by others, as it has the ash-gray bark of B. 
Vidgaris, instead of the dark reddish-brovvn bark of B, canadensis. 

The evidence goes to show that although Schweinitz may have 
observed the native barberry “ covering the mountains,” yet the rust 
was “rather rare," and on Berberis t'ttfgii’is, as it has generally 
been found to occur during the years that have followed, not only 
in the Carolinas but throughout the eastern United States. There 
is no reason to think that the rust will not as readily infect any 
Berberis in its native state as it does the culti%’atcd species, but up 
to the present time there is no such authentic record. 

*2682. 7*. C A. ifi-ossuUrlatuin, Lk. 162. \'‘ery frequent nti various species 
of Grossularia In the mountains Qi Pennsylvania. 

Represented by twenty leaves mounted loose in a packet, the 
lai^est about 2 cm, across, showing a nimiber of small groups of 
aeda, and by an empty packet labelled on the outside “.Tlcidium 
grossularlat Mauchunk in Gros oxya,” with an evident emendation 
ivrilten within "et Mauch Giunk Pensylva, in Rib oxyacanth Lv,'* 

Except one greenish fragment, the leaves are all of a dark 
brownish tint and similar tn appearance. They may well be Grosstt- 
/aria oxyacanthoides (L.) Mill. (Ribes oxyacaiithoides L,). 
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Th<^ rti^t \$ the a&cial stage of Fncdma GrossMlartit (Sehunu) 
Lager h., having tdia on many species of Car ex. 

sSSj. 7J. C. A. Hyptricatmiv L.v.S-^ Syn. Car, 431, Lk. lS 9 r here and tlicre^ 
aho near Philadelphia. 

(451. liEcidium] Hyperici frondosi Sz. 

A. snborbicutar (orange)^ perldia eylindnc, elevated (white 
when dry), spores white. 

Frequent on leaves of Hypericum IrondosuitL Na^ows of 
Yadkin, very beautiful^ br^ht orange. Tnaklng rather small but 
numergus spots sometimes almost deidid of the distinctive color. 
Perfdia ele^-ated as in ^dl<x Rhamni, to whkh somewhat related. 
Spores oblong, white, ratiicr pellucid) 

Represented by a dozen or so leaves, partly attached to short 
stems, moxinted loose in a packet, the leaves showing a few sirialL, 
circular groups of white, cyhndric aeda, and by an original packet 
containing a few loaves labelled inside "iEcidium Hyperici f rondos! 
Narrows of Yadkin/" and outside .^Iddiuni Hypericaitim LvS Hyp 
frond Narrows of Yadkin Carol/' 

The host agrees with a phanerogamic specimen, labelled by 
Schweinitz ''Hj^pericum frondosirm, Salem/' now in the collection 
of the Phlladelphta Academy, ivhich is identified as H. proUficHm L 
The rust is the iocial stage of Uromyces Nyperlci-frondosi (Schvv*) 
Arth., and is undoubtedly on Hyperiatm proHficmn L. (//. frando- 
siim MIchjc.). The conibinatIon JBcidhm (Cerouin) hyperkaium 
Schw. AVU5 made on page 309 of the later work. 


3884. 74, C. A VipJatuni^ Lk. 13S, Syn, Car. 4jgi, on leaver of various 

violets of Carolina and Peniiitylvaiiia, e, g., V. cucnltaU, obliqua, 
hastata, and the like. 

(439. 10. [ALCEdiuntl Viola: Con^pccL fung. Niesk. jx, iiR Occurs 
especially on Viola hastata^ but abg on other stemmed viglets.) 

Represented by two specimens mounted^ one of them being the 
end of a stem with two folded, cordate leaves and one young seed 
capsule, having aecia on the blade, petioles, stipules, and steiUp and 
by a corresponding empty packet labelled ".^Ecidium Violalum V* 
/lojfoftr LvS Salem/' 
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This sp^dmeji ha$ large and spores that correspond lo the 
seciospores of Puccinia Viol/sr (Schum.) DQ 

The other mounted specimen consists of one renifonri leaf, 3 cm* 
broadp bearing three groups of acia; and there is a corresponding 
empty packet labelled j^cidiiim Violatum V. obliqna Beth/* 

This specimen shows smaller seda^ and much smaller aedospores 
than the other* and is doubtless die Etdal stage of [/rowiyc^j pedata- 
Uis (Schw.) Sheldon* The host is in all probabiJity Vwla pnmul^^ 
folia L. 

75- C. A. pcdatuTHp L.v.S-, In some years very comrtion on leaves and 
petlotei of Viola pedata, Bethlehctn. 

C, spots very itnall, much elevated and proportionally thick, purplish, 
almost every-^where covered with rather krg*, somewhat higtip 
snbqdtndrk pseudoperidia. Spores pale. 

Represented hy six leaves and one flower^ mounted loose in a 
packet* showing many fecia, and an original packet* containing two 
very' small leaves bearing a few small* irregular groups of ^cia, which 
is labelled Viol. Lv Bethl/^ 

The aecia and spores of this specimen^ which are dearly' on Fm/a 
pedaia L., agree with those which W'cre showm by cultures in 1310 
to be the iecial stage of Uramyces pedatahtj! (Scluv.) Sheldon (£7. 
Androp&ganis Tracy)* having lelia on species of Andrapagon, The 
name was changed to jm {CfTowia) pedataium on page 309 of 

the same work. 

•26®^ ^ 6 . CL A. sagitlatuin, I„v.S.^ on leaves of Viok sagittate, Bethleheia, 
Scarcely the 

C. spots purpte, but yellowish an the lower surface. Pseuddperidia 
slifirbily elt^-ated. sparse, without order, on bullate spots^ pale. 
Spores coflcolorous. 

Represented by a short caudex with five attached leaf stalks 
and three leaf blades, two of full size* 3 cm. long* one blade and one 
petiole bearing indefinrte groups of ascia, and by an empty packet 
labelled **/:T!cid. Vwi<E sagittat LvS Bethl/" 

The necessity of discriminating microscopic fungi chiefly by their 
gross appearance and the effect produced upon the host led Schw'ei- 
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nitz to think this collection " scarcely the same " as tlie preceding 
one On y'i 0 la pedala^ althongii a careful microscopic examination 
shoivs that it has the same stnall spores and other characters which 
go with the scia of Uromyces pedatatus (Schw.) Sheldon, The 
name was changed to JEcidhim (Cs^ottia) on page 309 

of the same w-ork. 

2^87. 77. C A. luminatum, L,v,S., S>ti. Car. [as ,A,] niteris. 458. also fre, 
quent in Penn sylvan [1 on Rubus, The leaves, wlikh with the 
whole Irlant are infested t>y this ALCidium, are degenerate [year 
after 3^r.) 

C4|8. 2g, [.^ctdiurn] ntten$ Sz. 

A, simple, elortgate, perldia very large, yellow, brilliant, at 
jrregtilarJy ruptured, spore mass orajige. 

Frequert on leaves, petioles and youiagtr ^hooti of Rubus std- 
gosuii. Its perennial return so infests plants of the whole region that 
finally it entirely destroys them: summer. Resemtiles a Uredo, but 
]t has a distinct peridiurru Peridia finally confluent with each other.) 

Represented by five parts of leaves, each about 4 or 5 cm, long, 
in a mounted packet, and by many leaves and leaflets in the original 
packet, which is labelled inside ^'.^kridium nitens in Riibo villoso 
Salem Bethl Keujork," and in another place " Caoma luminatum." 
and on the outside ".Tlcidium luminatum LvS in Rub. vitlos Bethl 
& Salem," All the leaves are covered with tjie rust and show the 
characteristic degeneration of the host 

It was the custom generally follow ed by Schweinitz to preserve 
but the one original collection to represent each species. It is quite 
evident from its appearance that the ample material of the present 
species was all gathered at one time, and that it is all. or nearly all. 
from one plant, as it is very uniform. A part of the material has 
been seen by Dr. P. A, Rydberg, who monographed the geijns Riihus 
for the ■' K'orfh American Flora; ’ and he states that the host can not 
possibly be R. slriffostts, but that it uiay be R, procuinbens Muhl.. or 
more likely its southern representative R. EKslenii Walt,, both of 
which usually passed under the name of “R. zd/Iosus" a century 
ago. It will be noticed that Schweiniti labelled hts collection R. 
iHUosiis and did not change it afterward, although he added Beth¬ 
lehem and New York for additional localities, and even changed the 
name of the rust to what he doubtless considered a better name, and 
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thdn turned the packet and placed cn the outside his final record, 
still with the host as J7, It is impossible even to surmise 

why he used R. strigosiis in the last printed account. The rust has 
neJer been found on R. strigosus m all the intervening years, and 
the use of that name by Schweiniti may certainly be taken as an 
error* 

The rtist itself is of special interesL Until very recently it has 
been identified ^vith a siinibr rust of Europe, Gynmoconm mier- 
Stiliaiis (Schh) Lagerh,, a long cycle, auttudous form, as proven by 
cultures. The same long-cycle form also occurs in this country, as 
also proven by cultures. Recently investigations by Kunkel have 
shown that there also occurs in this country' a shorl-cyclc fonUp 
whose telia are indistiiiguisbaWe iu appearance from the fficia of the 
long-cycle fonn, but differ in their mode of germination, and that 
only the short-cycle form has so far been observed in the southern 
statest although both forms occur northward. The senior author 
has recently {BqL Gas. 63:504, 1917) erected a new short-cycle 

genus with Schweinitz's Salem collection as the type, so that it be¬ 
comes Kunk^Ha ulfcns (Schw.’) Arth. The eombinalion .Eddhtm 
{C<rom^) lumimtmn was made on page 309 of Schweinltz's later 

work. 

C. A. Fodophyllatum L.v;S., Syn. Car. 433, Lltik on atepunt of 
my inaccurate words in S^ti. Car.—“ SfKsrcs bilocular, iniierted 
by a sUp of tlie pen from the description of Puedniti rodephyUi, 
an entirely different furtetis-^bas wrongly (jlaced ihi^ .^cidiuni, 
the most remarkable of all. amon^ the Pucciinas. Ours usually 
cri:ciirs with thick bullate siwlS, renderins llie broad leaves of 
Podophyllyim contoried and deforitied—with a diameter of 4-6 
inches. Pscvdo|>erldia located in the center, slightly elevated, 
verj' densely crowded, rather bnse. and innumerable. The mar- 
gin of the spot, ho we ver^ always sterile. Spores are not hUccnlar. 
(435^ 6. [^cidiiim] Podoplaylli S^, 

A. very large, orbinilar^ at length disuse, golden yellow^ very 
den,$e, spores somewhat elevated, bilocnlar. 

L-suatly it extensively and injurtously afFccta the leaves and 
stems of Podophyllum, attracting the eye by its lieautlful color.) 

Represented by four pieces of leaves about 4 hy 6 on., mounted 
Ioo.^e in ti packet* which are well covered with large groups ot ^cia, 

and by au ori^nal packet containing a number ol large fragments of 
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IfrEiveSp bearing ^cda, which is labelled "jEciditim Ptfdi^phyihi LvS 
Sal & Beth.” 

The rust Is ihe Kcial form of the long-cycle, auta*eious species^ 
Puccittla PGdophyUi Schw. (see no. 2939), on F&dophylfum pcltaium 
L. The combination ^^ddium (CiFoma) pod^phy^htum was made 
on page 309 of the later work. 

TP' lemiCr L,v.Sr, rallser rare on leivtj of Eupatorinni 

toidcs. Betliteliem* 

C. spots yellowish, evanescent, very delicate, Fscudopendb sparse, 
slightly elevated, but, what 15 peculiar^ eminpcnt on both sur¬ 
faces, closed on the upper, open on the under. Spores pale. 

Represented by a mounted portion of leaf, cm 3.5 tm. square, 
hearing sijc or eight groups of aecia, and by an empty packet, which 
is labelled inside "^eidium tenue Nobis In fol ignot Deetwiler,” 
and aftenvard “Eupat. agerat" substituted for "'ignot," and is 
labelled outside "jEcidium tenue in fol Eupat ageratoid Dettvier." 

This is the Kcial form of Pncci»ia tettuis (Schw.) Burrill, an 
aiitwcious rust. The name is written .^ddmrn (Csonta) temie on 
page 309 of the same work. 

•^iSjo, 80. C A, Euphorbia hypcricifolise. L,v,S., fr«i;uent on liaves of E 
hjTtericifolia, Salem and Bethlehem, It is not identical with C 
Euphorbiatiim Lt.. nor does it nialce the leaves dt^enerate, 

C spots iinall, deep purple on the upper surface, icilowlsh on the 
lower, Pseudoperidia agEregated, subconi&lly eles'ated. and 
Somewhat excavated. Sporea orange. 

Although this number is starred and the earlier work is not di¬ 
rectly dted, yet the naming of Salem as a locality undoubtedly has 
reference to S™, Car, 455, which in fact must be considered the 
basis of Schweiniti's new name. 

(dS5- S6. r^idiamj Eupliorbi*. Here and there on the leaves of 
Euphorbia hyperiei folia, but doei not make them degenerate,) 

Represented by a mounted fragment of a leaf, about i cm. square, 
well covered with «cia, and by an empty packet labelled "‘CEctdium 
Euphorb^ hypericif Salem," 
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The rust is the sciaJ stage of Ur^ittyces proctnjaeits (DCO Pass,, 
and the host is Chauissyce Preitii (Guss,) Arth, {Euphorbia PresiU 
Guss.), which passed under the name of £. hyperieifoha in Schwei' 
flite's time. Link’s Ctroma Euphorbiotum is an entirely different 
species, being the «cia 1 stage of a hetefcecious form. On page ^ 
of Schwcinitz's later work the name is changed to .^daiHW 
(CtroMia) Euphorbia kypericifoUs. 

•aeon 8 n C. A- Hcusieriamm, L.V.S. radicr rare, bm where Mcurrii^ 
very copious on stem, leaves and peduncles of Houstema 

cctruTca, Bethlehem. t 

C. without distinct spots, Pwudopcridia elevated, pate, subconi^ 
apex eonlraGtcd, ^d somewhat excavated. Spores orange^ ihc 
infected and somewhat degenerate ptanlSf ueverthetess, flower. 

R^rcsented by three or more entire plants mounted loose in a 
packet, all considerably drawn, but a few with flowers, and by an 
original packet containing many rusted plants, which iS labelled 
“ JEcidium Ho«5tOHiaf!ii)t LvS Beth," ' 

The rust is the scial stage of Uromyces fio»£to»iati(s (Schw.) 
Sheldon, having telia on S/syntif/ifnirt, as proven by cultures. The 
combination JEcidiu 7 u {Csotna) hanJionhUim is made on page 309 
of the same work. 

•aSpa, fia. C, CUytOfiiatum, L.V.S., on C. virginiea from New Viork. 

Communicated by Dr. Torrey. ^ , , f 

C. almost simple and without spots, oceupymg the entire leaf, 
Pseudoperidia broad, sparse. Sports arange. 

Represented by a mounted stem, 5 cm. long, with one unopened 
flower and two leaves, the leaves covered with secia, and by an orig¬ 
inal packet containing one narrowly linear leaf, 6 cm. long, and 
labelled " .^ddium Cfflyfonio^ LvS Torrey.” 

A rather common rust, being the secial stage of Pnccfnio rfoy- 
ionkta (Schw.) Peck. Schweinita made the combination Mcidtutn 
(Ca'oma) claytoniattim on page 3^9 same work. 

•2893. 83. C. A Pyrolauim. L.v.S.. on die under side of the leaves of Fyrola 
rohmdifolla. Dr, Torrey, 

C without sp<pts. Ps^udopendia sparw. occupying the whole 

but not trau&forming itp pulvinalMlc^'ated. pak. or orangt with. 
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the spores. Finally thtse having fallen out PeElxa-forni cavities 
are left in the leaf. 

Represented by half of a kat, nearly 4.5 cm. broad, mounted, 
which is thickly covered with urediniaj and by an empty packet 
labelled '^jEeidiuni Fyrolatum LvS in P. rotundifol Toir.” 

The rust is the urediJiial stage of Alelampsoropsis Pyrol^ (DC.) 
Arth, (Ckrysomyjca Pyroiip Rostr.), but was naturally mistaken for 
an ^idium by SchweiniU, as it possesses catemilate spores. The 
host may have tw^n P- idiginosa Torr,, rather than P. roiundlfi^lia 
L. The name JE^dJum (CdToma) pyrohlum is used by Schweinitz 
on page 309 in the same work, 

•3854. 84. C A. Myrlcatum, L.V.S., on leavu and especially oft petiolei of 
Mynca ocdfcra, coinmimkaied to me from New York hy my 
friend Dr. Torrty* 

C spots on strongiy swollen petidles, dark purple, black where dry, 
and out of the spots project the dense p&etidoperidia, rather 
large, widely ope^ brow'n, filled with ycllowiiti spores. 

Represented by a mounted specimen^ consisting of a terminal 
portion of stem^ 3 cm. long, with four leaves attached, three being 
somewhat over 4 cm. long and iS mm. wide, and with an abundance 
of iecia on the hyertrophied terminal bud^ 5.5 cm. long, and by an 
original packet containing 3 cm, of $tem wntb four leaves attached 
but without jecia, which is labelled on the inside '^^Ecidium Myric^ 
on Myrica cerifera L/‘ and on the outside 'V.^cidiutti ifynca/iiMt 
LvS in Myr. cerifera Torrey/’ 

This is theacdal form of Gyrntw^poran^Ium myricatum (Sehw.) 
Fn^mine {G* Ellmi FarL), as proven by cultures^ the telia of which 
occur on Cham^cyparis ihyoidcs (L,) B. S* P, The name is changed 
to ^cidium (Ciioma) myricaiitm on page 309 of the same work. 

*2895. Sj. C. A OsmuTidatoiP, L.y.S., found on the fronds of O^nuinda 
spectabilLS and communicated by Torrey, but in dryuig so de^ 
stroyed, that it is not possible correctly to describe it? the species 
nevertlieless evidently distinct: spores ferrijgLtioas, 

Represented by a narrowly triangular, lateral part of frond, 2.5 
cm. long, blackish purple* mounted, and by an empty packet labelled 
^‘-Scid? Osmundalum in O. spectab Torrey.” Schweinitz used the 
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name JEcidnitn (CffOJiw) on page 309 of the same 

work* 

The structure of this fungus is not evident, although there is an 
abundance of globoid, brown spores present. The spores are 13-16 f* 
in tliaiiietcr. and echinulate or vemiculose. They resemble smut 
spores, but Ginton in his monograph of the Ustilaginales in the 
North American Flora (7:24. 1906), where it is mentioned as 

Ustilago Osmunds: Peek, excludes the species from that order and 
suggests that it may be a Hyphomycete. The latest name is Afyco* 
jyriHj: OJmifwdff Peck (iV. Y. State Alus. Rep., 1911, page 43 ). 

• 2 SgS. 8e. c. A, pyratum, l_v,S,. rather rare on leaves of Pyfiis coronana, 
Bcthklietn. By no means idertiral with C Roestetites. 

C spots on upper surface, orbicular, red, on tbe twrdcr ochraceous, 
center blackish. On the lower side there apltear pseudopendia 
ver>' densely erowded, suhconccntric, only a little elevated, 
maiijin beautifully multifid-fintbriatet liie parts straifilit. not at 
ait reVolute, dlverBtnt, pale. Spores fuseoua. 

Represented by one oblong leaf, 3.5 cm. long and J -5 cm. broad, 
broken across the middle, and mounted loose in packet, bearing nu- 
nierous «cia on a somewhat hypertrophied spot, and by an empty 
packet labelled on the inside “ Csoma (RcKtelia) coronariatum LvS 
Salem in Pyr. coronar," with “ ^Ecid” later substituted for Rcestclia, 
and on the outside “jEcidium CoronarHifKiJi LvS in Pyro conar. 
Salem,” 

The leaf is clearly that of A/o/iu coronaria (L.) Mill. {Pyrus 
coremria L., F. aiipt(jft/dfio Ait.), the rust being secia of Gywiito- 
sporangium Junipen-virginiame Schw. To the mounted specimen is 
attached another packet containing a little larger, more lanceolate 
leaf, with numerous scia of the same sort, bearing an inscriptiou 
by Dr. W, G. Farlow, saying it is from the Herb. Curtis, on Pyrus 
flMp;i^i/o/iVj, Society HiH. N. C., no. 1226. and corresponds with 
Schweiniti's type of A. pyratum. The name ^cidtntn (C^POwm) 
pxratum is given on page 309 of the same work. 

*a857- 87. C A. jatnbuciatum, Lv.S.. Syn. Car. 441, frequent on petiole* 
and leaves of Sanibiaciifi canadensi^t siso Betftlehem. A furtlicr 
dtasnosis follows. 

C spots inhimesc^t. ofttn ver>’ large (L e. 2 indies) on petioles. 
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rptlttr Pieudchpertdii brg£, dense, elevatedn orange or 

pale, margin fuscous. Spores orange-fuscous, hecoinm^ de- 
colored^ All mucli smaller on tlie leaves—psetidoperldia 
densely aggregated. 

(441, 12. [^ddiuni] S^bxid Sz, 

A. macullform, largep thick, contortjng the leaves, orangCp 
becoming uhite, peridia minute, and spores simple, pale. 

Onedy on the larger veins on the leaves, and on tJie petioles 
of SambucLis Canadensis. It distorts the leaves. Color orange- 
saffron; peridia sparse, sport-mass pale yelloiciish white ) 

Represented by jjarts of t^vo compound leaves and bits of hyper¬ 
trophied rachiSp mounted loose in a packetp showini^ numerous small 
groups of aeciap together with an ortgiual packet containing frag^ 
ments of two leaves, also bearing small groups of secia, labelled on 
the inside “^^icidium Sambuoi Tn Samb canad. Sal & Bethl/' and On 
the outside “-^Icidium LvS BcthL'^ 

This is the secial condition of Pucemia S^nibuci (Schw,) Arth, 
(P, E^ilLyafia Sacc.)p a conitnon rust in the eastern United States, 
having telia on Camr. Tlie asterisk before this number is a typo¬ 
graphical error. The name ^^ddium (Cccoma) samlHidaium is 
given on page 309 of the same work. 


289®' S8, C. A. Urlscatum, Lk. n. 169, Syn. Car. 436^ ver^' rare on Urtica. 
Salttn, also at the same place on Cynoglos9-tim antpkxicaule. 

( 4 jb. 7- [j^cidium] .Asperifolii. Rather rare on Cynoglosstun 

'atnplexicaulc.) 

Represented by neither a specimen nor an original packet at 
Philadelphia or in the ilichener collection at \\'ashington. Or in the 
Herb, Curtis at Harvard University. Cyflo^/oifJtiMf z^irghiicum L. 
(C. ampi^ricaiih Michx.) is not known to bear a rust. Neither is 
any rust known on UrfjVff so far south as North Carolina, although 
a!cia are common north of the jQth parallel of latitude. 

The association of Urilca and Cynoghssum probably is carried 
over from European observations as given in the work by Albertini 
& Schweinitz (1. p. 117)- It is probable that some appearance 
of the leaves misled Schweinitz into thinking that he had found in 
America the same rusts he had observed in Saxonv*. 
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y Subgcn. RtESTELIA OT CEKATITES- 

80, C R Cylindrites. Lk, n. 17a, Syn, Or, 45?. tHls tiante are 

included ihc following Cwotnata, perhaps to be separated as 

C, Cratiegi piinctat*, pseudoperidia divergent fibrous, swollen in 
the middle—while. Pennsylvania. 

a C Cratagi arborcscentis, spots small, red, pseudojiendia not fibrous, 

■ of various forms, fuscous-red. Near Fayetteville, Carolina. 

T. C Osyaeanthse, very large, very frequent near Philadelphia in 

S. C. Mali, on leaves of Pyrus malus and coroTiaiia, spots small but 
effuse. Pseudoperidia minutt 

(433. 3- t^eidiutnl Cratagi var. Oxycanth®. A rare species on 

leaver 0 i various CratTgiO 


Represented in each of the four forms by specimens and orig¬ 
inal pockets from which it is possible to show that Schweinitz’s sur¬ 
mise was right, that they belonged to four distinct species. 

a. Represented by one leaf. S cm. long, of what is probably 
Cratsgus punctata Jacq„ mounted, bearing six groups of *cia, and 
by two smaller but similar leaves, about 6 cm. long and 4.5 cm, broad, 
with no mature secia. In the original packet, labelled inside “ Rcesteha 
(comuta) oxyacahthae In Crat, pyrifol Bethl, with cornota 
crossed out, and "Csoma cylindrttes " written above, and 
labelled " Cseoma (Ccratites) Crflfir^j pKuefaft? Bethl aff, pcnicillat. 
Tlie rust proves by microscopic examination to be the aria of 

GyvutosporanghtH giobofttm Farl. 

jS, Represented by a mounted leaf, 4.5 cm. long and about same 
width, of what is probably Craiagus vtridis L. (C. arborescens EiL), 
bearing four groups of scria, and by half of a similar leaf with one 
group of pycnia, in the original packet, labelled ‘'Cseoma 

(Ceratites) jEridium Cratttgi arborescente$ Fayetteville." Half of 
a similar but smaller leaf, with one group of scria, is in the Michener 
collection at Washington, property of the U, S, Department of Agri¬ 
culture, 

Thi^'sccial rust is that of the very distiiictive southern sp^ies 
Cymnosporangium hyaliuum (Cooke) Kem, whose telia arc not yet 
known. 

y. Represented by a large, 4'5 broad and originally muc 
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longer leaf, mounted loose in a packet t>earit 3 g five large, circlnatiiig 
groups of iecia, and by a small fragment of leaf about 3 cm. long, 
bearing aecia, in the original packet, labelled inside " Rcestelia oxy- 
acanthas a in Crat, oxyacant ])rope Philadelphia,'’ and above this 
written later “Caonia cylfndrites,’* and labelled outside “2 Qeoma 
(Ceratitcs) cylindrites oxyacanlha; in Hedgerows Philad. vulgatis- 
sima." 

This secial rust observed by Schwelnita to be very common, on 
what was doubtless the English hatvthorn (Croftr^uj Oj^vacanffui 
L.) and thought distinctive, was not again recognized until a trip by 
Dr. Frank D. Kern and the senior author to South Carolina In 
March. 1910, brought it to light. It belongs to GyittHttsfiffraHffiiitn 
truc/iyjoriijjj Kem, having telia 00 Jiiitipirnts tirffitita/ia, 

S. Represented by one large, 5 cm. broad, and originally 10 cm. 
long, strongly pubescent leaf of the cultivated apple, bearing numer* 
Ous small groups of itda, one half, 4 cm. long, being mounted, and 
the other half, 5 cm. long, in the original packet, which is labelled 
Inside "Rcestelia cancellata In Pyro coronario Salem,’' with all but 
the first word afterw'Ord crossed out, as if it were an error, and 
penicillatum var Mall ” substituted, and added below “ var. in Malo 
Bethl,” and still later there was written above “Ooma cylindrites,*’ 
while on the outside the packet was labelled "s Cseoma (Ceratites) 
cylinci rites /8 penicillat in Pyr. Malo Beth.'’ 

The rust proves to be the serial st^e of Cymwsporanpiuiu 
Schw. and on the common apple Afatus Malus 
(L.) Britton (Fyrus Afalus L.)^ 

The entry* in the North Carolina list, no, 432, is not represented 
by a specimen, and is too Indefinite to be associated with any certain 
species, unless the form $ be considered to cowr it. 

2900. pa C- R. Jtoestelites, LV. 173. ..Field, ancellatiiiii, Syu. Car. 433 
[error for 431I, In Bethlehem in an old orchard rejoicing in 
huge trees of Pynis nulos. In late'autumii 1 hate seen some of 
these trees, for 6-7 years, so covered by this fungus that the 
leaves appear red from a long distance, 

{431, a. [.^cidium] caneellatunL Very rare, only once oa pear 
leaves.) 

Represented by two sets of very unlike leaves, part of each being 

eaoc. AMEm. pHiu. soci. voo 11^1. ptv 17. ipig. 
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mounted. One of these consists of parts of two apple leaves, cut 
lengthwise, 3 or 6 cm. long, mounted, bearing many small groups of 
fficia, and two similar pieces of leaves in the original packet, w'hich iS 
labeHed "Csoma Rcestelites cancellat in Pyro malo arborcs 

maxiiuas ad mortem sevens 1S29 Bethi " The other consists of two 
ovate pear leaves coticHuiMV L.), 6 cm, long, mounted, and 

two similar, smaller leaves with another fragment in the original 
packet, each leaf bearing one to three large groups of secia, the packet 
being labelled *' 2 Cffoma (Ceratites) .Tlcidium Rarstditcs cancellat 
in Pvro Bethlehem.” 

The *cia on the apple leaves belong to GymnosporatigiufH ^n«'' 
Schw.. and those on the pear leaves belong to G, 

globosum. 


29Q1, 


91 . 


c. R- Fraitlnites, Lv.S.. SjH- Car. .«q, Lk. 170, ;iicidiiini fra^inh 
Rather to p!acc*l herct here arid there J Bethlehem, on a$n 
leaves- 


{430. I. Fraxinl St. 

peridia elevated into a depressed cbestniiHrolored cone. 
length iplittinB into the broad lac'ini*. It makes round chestnut 
spots on the leaves, prominent beneath, fiat above, surrotmded by a 
fuscous margifi.) 


Represented by two lengthwise halves, 1.5 by 6 cm., of broadly 

lanceolate leaflets, mounted, together bearing thirteen round groups of 

»ci3 on much swollen dark spats, but too young to show open peridia. 
and by an empty packet, labelled inside “ Rcestelia Framni In 
Salem,” with a later addition above “ Creoma Rcestelites FraxniUtm, 
with "Rcestelites” afterward crossed out, and labelled on the out¬ 
side "iEcidium (Ceratites) FriixiiJiff,r L.vS Salem & Beth.” 

■ The rust is the secial form of Pncdiiio /ra.riHfl/n (Link) .^rth,, 
on species of Frdf immJ, having its telia on the marsh grass, 


T*]2 «b. os, C. R. Botn’apitcs, L.V.S. Very rarsly observed on leaves of 
Aronia botry-apium. Bethlehem; but where it occurs, ratber fre- 

C entirely dhtlnct-spots yellowish-buff, somewhat effuse. On the 
under side the pseudoperidia appear central, agsresated as tuber¬ 
cles, Bicbose, yellowish-green, at first obtusely come and partly 
closed, at lenjrth somewhat open and much ftmbriateii at the 
opening, the divisions cbestnut-brown. flexuous. Spores scanty, 
dark, Pseudoperldii few, even at limes single. 
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R^ipresented by four leava, one of them 4 by 6 cm., the others 
trimmed down to that size from larger leaves^ moiuited loose m a 
packet, bearing seven cbaracterifftic galls, and by an original packet 
with eight similar leaves, 4-7 cm. long, having bleached Spots but 
no rust, w^hieh h labelled “^^cidinm (Ceratitcs) Botrxapii LvS 
Berhl 1830.” 

The rust is the ^ial stage of Gymfiospori^ngmm botry&ph^s 
(Schw.) Kern. At page 310 of the same work Schweiniti changed 
the name to Ceraiites {Cttoniu) boiryapites^ The asterisk was er¬ 
roneously omitted from this number. 

S. Subgen. FESJDEa^tiUM. 

C. P. Fincunt. Lk. I 75 i Syti. Car, 456. In Pernisylv^nia near 
Philadelptim elsewhere, not rare. Speeiiiicns ample, a loot 
1on£f^ found hy me on the trunk itself of Pinus inops^ suggesting; 
a resemblance to Gymuoiporsinj^ium Juniper Ini. 

{456. 2^^ [/Iridium] Pini. Rare wEtli us, and only dh youn^ 

leaves-) 

Represented by two specimens. One of these consists of the sec* 
tion of a woody gall, 3 cm. across, mounted, with an empty packet, 
labelled "Cseoma PeridermJum Pini in Ligno Philad" A similar 
portion of s gall is in the Michener collection at Washington, prop¬ 
erty of the U. S. Dcjjartment of Agriculture. 

The other consists of about a dozen slender leaves from a 2-leaveJ 
pine, none full length, now about 5,5 cm. long, mounted loose in a 
packet, bearing a few ascia, with an empty packet, labelled “Cwoma 
Peridemnuin Pini in acubus Salem," 

Microscopic examinatfem shows the woody form to be Pcn’dri'- 
iWfHH) ctrelftum Peck, the scial stage of Croiffirttum Quercus 
(Brond.) Schrot., and the leaf form to be P, fiiltTined/iou ,Vrth, & 
Kern. 


•3504. (44. C. P. germinale, L.t,S., very rare gn the fruits of rgs«*. Com- 

muuic&ted to mt by Mr, Collins, 

C, pseudoperidia very igng, cyllndric, somewhat campresjed, at 
length white, fimbriate, divisigns gleft to the bottom, free, 
S{K»r» effuse, pale, Pseudoptrldia ristne from little jBts tn the 
fruit, without any spot, usually three lines long. 
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Represented by a stngle oblong fmitp 1.5 cnu long, bearing many 
long and colorless pcridia^ and by the original empty packet labelled 
Caeoma Peridermium germinak LvS in germinib, Ross Collins.” 

Although the fruit has considerable resemblance to a mummied 
rose hip, yet it is certainly the fruit of some species of Crata-gus, 
and the fungus is the a?cial stage of Gymtwspomtgrum germinate 
(Schw,) Kern (C. clat*ipes Cooke & Peck). The name is given as 
Peridermiurn (Cffoiwa) germinak on page 312 of the same work. 

Genus 212. Puccisia Lk, and Dlc.eoma Fr, 

agos. 1. P. Graminis. Uc. n. 1, Syn. Car- 4^. Very common also in Penn- 
syK^ania on grasses, 

(4^. 7. [PuGcmia] Graminjs, Frenwent on the culms of grasseSf 
especially .AndroiKsgon,) 

Represented by the original packet containing a crumpled leaf* 
and some fragments of stem and slreaths, all apparently of wheat, 
Trhkum tmlgare VilL, beariitg blackish* open telia of Fuednia p&cuti- 
/orijiij (Jacq.) Wettst, (P\ gramink Pers.)p together with six or 
seven parts of condupHcate leaves, about 3 mnn wide, the pieces be¬ 
ing from 6 to 15 cm. long, and heavily covered with dark brown or 
blackish telial sori. The narrow leaves are undoubtedly some species 
of Cflrcr, and the rust some species other than P. /»orw/i/orfft(j, but 
the identity of neither rust nor host has been definitely determined. 
The packet is labelled Puccinia Graminis cerealis Germ* Sal. Beth.” 

One of the pieces of sheath bears a small strip of gummed paper 
across the middle, show ing that it bad originally been attached to a 
sheet (sec Shear, U. 5 . Dept. Agnc. BuH.^ 380, p. 6, Jan. 15, 1917), 
The wrriting on the packet appears to have been done all at one time. 
It IS* of course, impossible to say definitely if the material in the 
packet is wholly American, or partly obtained in Germany* as the 
labelling might indicate, but from the appearance it may be inferred 
that it represents two collections, both from this country, 

*2906. 2. P. ^triola, Ul n* 2, on various Cyperacea and graces, Bethlehem. 

Represented by the original packet containing a dozen or more 
short pieces* 1-6 cm, long* of a Jmteus^ probably /. effusus, bearing 
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uredinia and telia, the spores being those of Vromyces Junci-efasi 
Syd, The packet is labelled " 2 Puccinia Striola Beth," the " 2 " in¬ 
dicating that the original collection had been divided into numbered 
portions, of which no. 2 only had been retained. 

sm- 3 - P. Arundlnari*. L.v.S, Syt\. Car. 4S7. hV. p. fifi in a note. Veiy 
good speaes, also on Miegta (Amndinaria) cultivated in the 
Bartram Gardens, Philadelphia. 

3. (PucriniaJ Arundinaris Sz, 

P. rather large, elevated, pulvinate (not surrounded by the efs- 
dermis), blackish-broum, spores obtong, biJoeular, pcdkel long. 

Rather rare on leaves of Arundinaria. Of the size of a mouse 
dropping, beautifully scattered over the leaves. Cells of the spores 
equal to each other, color under a lens yellow, pedieds longer than 
the spore, radlately divergent, white, petiueid.) 

Represented by an original packet containing a part of a leaf, i 
5 which hears three telial sori in a row, two being empty of 
spores. The single sorus with spores is prominent, oblong, and dark 
brown or blackish. The packet is labelled " Puccinia Arundimriff 
LvS Salem.” 

The rust still bears the nanie given it by Schweinitz. Its scial 
form has not yet been discovered. 

•3!>oS, 4. P. punctuffi, Lk, n. 3 , gn Care* and Scirpus, Bethiehem. 

Represented by two packets, one containing Carej and the other 
5 'firpwj, both rusted, together with a duplicate packet of the latter. 
One packet has a dozen or more, rather soft, crumpled leaves vrith 
a few steins, all heavily rusted, labelled "Puccinia graminis var. 
hortensis Beth.” and afterward graminis crossed out and "Punc- 
tum ” substituted. Tlie rust proves to be the telial stage of Pttc- 
cm\, Crossular!^ (Schum.) Lagerh., and on some species of Carex. 

Another packet contains twenty-five or more pieces of leaves, 
3-9 cm. long, of what appears to be Scirpuj eyfierinttf (L.) Kunth’ 
abundantly rusted, labelled on the inside ” Puccinia Caridcola LvS 
Beth,” with “ Puccinia punctum Lk " added later, and on the out¬ 
side “ Puccinia punctum Beth in Caricibus.” The rust is that of 
Puccinia afigujlala Peck, being the telial stage, only a few uredinio- 
spores with their two superequatonal pores being found. 
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A duplicate packet of the last contains two pieces of similarly 
rtisted leaves, about 3.5 cm. long, and is labelled *■ 5 Puccinia punc- 
turn Lk caricicola LvS/" 

♦agog. 5. P. Scirpi. Lk. n. 4, on various Scirpi, Bethlehefii_ 

Represented by the original packet, containing very scanty shreds 
of leaf blades or sheaths, some of them 3^ cm. long, and labelled 
on the inside '"Puccinia Scirpi Beth 1S26,” and on the outside ^"2 
Pnecinia Scirpi Beth,"* The rust is dearly the telial stage of Pmc- 
dfn'a a!igt4Si{Ua Peckp and the host is doubtless Scirpus cyp^Hits 
(L.) Kunth, It is entirely different from genuine P. Sdrpi Link- 

♦agia &r P* Sorghi, Lv.S., frequent on the Icav^ of Sorghum and Zra 
Cultivated. 

P. without spot9^ Sori broad, difform, variously lobed, at Erst Cov¬ 
ered by die epidermis, at length naked but surrounded at the 
itiargirt, and tiien the epidermis, lacerate. Sori often also as if 
lobed from the center—2-4 lines long and broad. Larger sod 
occur on the nerves ot the leaves. Spores blackishr largic, shortly 
pedicelled. 

Represented by some twenty-five pieces, T-3 cm. wide and 3-8 
cm. long, of leaves of Indian coni, abundantly covered with telia, 
contained in the original packet, which is labelled “Puccinis Sorghi 
LvS Lititz/* with a later addition ot' Zeas.^^ 

The leaves in the original packet arc all without question those 
of Zca Mays L,, and the rust is the one common to that host. One 
can only surmise why Schweinitz called the rust P. Sorght, and said 
it was on Sorghum^ a genus which has never been known to harbor 
the rust. But it would seem from the labelling of the packet that 
Schweinitz thought at first he had to do only wfilh a SQrghmn rust, 
and afterward found it wa$ certainly on so assumed that it 
was on both kinds of hosts. 

Because of the inappropriateness of the specific name, some 
tajeonomists have adopted some other namep but most authorities 
still use Schweinila's original name on the ground of priorit>\ The 
aliemate stage has been found by cultures to occur on species of 
Oxdis. 
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cm. longp from a terete stem split lengthwise bearing a few sorL 
It 15 Labelled "Pqecinia Jitnci LvS in J, effuso Beth." The telio- 
spores are one-celled, and together with the few uredmiospores 
seem to agree with later collections on the same host, now called 
Uromyces Syd. ' 

*2^14- 10, P- Windsoriat, L.v,S^ on leaves of Wind^oria (Poa) q,uiiique- 
dentata, Bethleheitu 

P. spots >-ellowislip at kn^h evanesccEiL Sori long, linear, 

promment^ erumpent from the epidermis, not conduetiL Spores 
compart, Irom purple to dark fuscoys, long pedicellate. 

Represented by an orL^nal packet containing ample material, 
consisting of parts of nine leaves, 3-10 cm.Jong, and four stems, 7-12 
cm. long, well covered w'ith telia. It is labelled ^^Puednia IVind- 
^orta- LvS in culm & fol Poae quinquedent Beth.** 

The rust still bears the name given to it by Scluvcinitz^ but it 
has been impossible to trace the origin of the name of the host, No 
such specific name is knoivii under P<?a or Windsoria. Professor 
A- S. Hitchcock has suggested that it was a slip intended for ^uiu- 
quifidOj, a specific name used under Poa by Pur&h, but never trans¬ 
ferred to IVindsorta. Xeither name is given in Muhlenberg^s 
Catalogue,** but he does have Poa ses^maides Michx. (F. 

L.), w'hich is clearly the host in question, now called Tridms fiatms 
(L.) Hitchc. 

■^15. It. P. Zizanl;^ on the fallen leaves of Zisania. Kaigu's Point, 

near Pfiiladelphia. 

P. without spots, minute, at Grit covered, al Icn^h Itneariy erympent, 
the epiderTn^s persistent about the margin of the sori; sori elon¬ 
gate, abbreviate, dark, beld to the light somewhat foiooiis. 
Spores loose, usually scattered about, short pedicelkd. delicate^ 
not much smaller tfiaii in related specicsv 

Repreicnted by an original packet containing two very small 
shreds of much weathered leaves 1-1.5 cm. long, bearing a few telial 
sori. It is labelled " Puccinia Zisania LvS Kaincs Pt.” 

The fragments remaining of this collection are so very scanty 
that it seemed at firet that no certain conclusion could be reached as 
to the identity of either host or fungus. The slightly reddish tint. 
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the character of the surface, ihe vciniiig+ and the rough edges show 
that these leaves could not have been those of Zisama. They do 
suggest Andnypog^n^ however, and in spite of being weathered, they 
match well the leaves of A. sctfparius and A. virginkus. Moreover, 
the teliospores, as well as a few uredinio&pores seen, agree fully with 
Puccinia Andmpogoiib^ n. 290, While the two Andropogons 
named can not be told apart by their ieas^es, we probably have to do 
with A, t^rginicus which occurs on damp soil about Philadelphia. 

2916. J2. P. SittilaeiSk Syn. Car^ ako in Pennsylvania, 

{4^4. g. IPuceirtca] Smilacis Sa. 

P. rather lariffc, confluent, difform and stcltate, dark fuscous, on 
Smilax rotundifolia occupying all of the Mmewbat dried leaves.) 

Represented by an cinpt>' packet labelled “ Puccinia Smihets 
LvS Salem." 

There is no doubt that this number is based upon the telia of the 
common southern Sms las rust, still called Puccinla Svuhcis Schw. 

IJ, F. Folygonoruni Lk. n. Syn. Car. on P. |>enrisylvan{cufn and 
P. virgtntcum^ also PennsylvaniiL 
(468. j. [Puednia] Polygon! Pensilvantd Sr, 

P. rather small, aggregated, soinefwhmt elevated, chestnut hrowrij 
opaque^ at first closeid,. seated on pale spots, spores obovate-truncate; 

Frequent on Polygonum PHisylvanicum; rendering the plants 
sterile. Spores bilpoular, pedicel short j cells almosrt broader than 
long, Iu&cou$ under a lens,) 

l^epresented by a packet containing iw'o leaves, one about 3.5 by 
5 cm,^ and the other ^mew"hat smaller^ bearing a few sori, which is 
labelled "Puccinia Polygonorum P. virgmic<^ LvS Salem & Beth,*" 

The leaves are ovate-lanceolate, smooth whth ciliate margins, 
and doubtless belong to Totwa zdrgini^m (L) Rai, (PQlygonum 
inrginiantim L.), The other host named was also correctly deter¬ 
mined, without question. The rust i$ now given the earliest name 
for it, P, Fohgani-amphibu Fers, 

* 2 ^ 18 . 14. P, conccntrica, Lv,S„ very frequent toward the end of autumn 
on half alive and dead leaves of P. cocclnmin, Bellilehem, 

P. Spots very large, confluent, bright red on upper surface, paler on 
the lower, Sori very crowded, ai^rfgately concentre, at first 
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*291 i, P. Andropog), L-if.S,, very frequent in autumn on leaves and 
culms also sheaths of various species of Andropogon, Bethie- 
hem. 

P. spots obscure, son densely aggregated, elevated, fuscous, obtuse, 
linear, short, Spores fuscous. Al^ough not coitduent, yet 
occupying almost the whole leaf. 

RepresenteJ by an original packet containing four or more stems 
anti many leaves In pieces 7-to cm, long, bearing an abundance of 
telia, labelled " Puccinia In Attdrofiogi LvS." The host is undoubt¬ 
edly Atidropogoa scopanus Michx,, and the rust still bears Schwei-' 
nilz's nante, although generally written P. Andropogonts, 

The two methods of writing the specific name Indicate a differ¬ 
ence in the method of forming the genitive of this and similar Latin¬ 
ized Greek words, common among classical writers of the very early 
as well as more modem times. The longer form is now generally 
adopted. 

^14 & P. eumculata, L.v.S,, here and there on leaves of Panieum, espe¬ 
cially Panicum pubeseens In fields, Bethlehem and Philadelphia. 

P. entirely witliout spots; at first the aoii are all covered, rather 
few, sparse, erumpenl; later often conHuen^ minute, short, nar¬ 
row, parallel, mostly acuminate at both ends. Spores very dark, 
rather small; immersed in water, browiish. 

Represented bj' an original packet containing five fragments O'f 
grass leaves, t-3 cm, wide by 3-io cm, long, with a scanty showing 
of telia. The packet is labelled “ Puccinia etnacuhta. LvS in Pan- 
ico pubes. Bart Card.” The leaves are somewhat pubescent and 
considerably weathered, Jhey can scarcely be the leaves of Pani- 
cum ptibcwetis Lam., but rather are those of the more widely dif¬ 
fused P. eapilhre, judging from the soft pubescence, and from the 
general association of the rust. A portion of the Schweinitz col¬ 
lection has been seen by Prof. A. S. Hitchcock and by Mrs. Agnes 
Chase, the eminent agroslologists of Washington, D. C,. who pro¬ 
nounce the host to be P. eapilhre. 

• 3 gt 3 . Pi P. Junei, Lv.S., on culms of J. effusus. Bethlehem. frequenL 

P. scarcely with any spots; son IrreBular. erumpent, somewhat cov¬ 
ered by the epidermis, rather broad, applouate. Spores large 
blackish brawn. 

Represented by an ong^inal packet^ conLaining three pieces, 5^7 
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^^uncwbat comoact black-shininF?, at length the spores loosened, 
minute, fuscous black. Possibly it is P. Polygon i^amphibh Dc* 
Candolle—but very certainly speclfi(^ 1 ly distinct from the pre¬ 
ceding. 

Represented by a packet containing about ten fragments oi 
leaves^ some nearly complete^ sliowhig an abundance of tclia, in part 
circinatlng about single uredinia. The packet is labelled "'Puccinia 
Polygon? coccinei conoentrkum oninino difFert a P. Polyg virginici 
et aliis Betbl."' 

The leaves are broadly lanceolate, about 4 by to and agree 
with those of a ptianerc^mic specimen at the Philadelphia Academy 
of Sciences, collected by SchweinitZp localily not given^ and kbclkd 
by him Polygonum eocchatm^ which is now determined to be 
^mersum (Michx.) Britt. The rust is PHCcmia Polygoni-ainphtbii^ 
as thought likely by Schxveinitz, and differs from the preceding 
species only as influenced by the host. 

*25>igL 15. P- bultata, L.v.S.^ Sj-t!. Car, 501, Lk, n. S. In Pcnii^ylvanla,, found 
v€r>' targe, two to three inches, especially oa ^t£ins of 

Vemonia noveboraetnsis. 

CaOl. x4 [Fuccinial bulEata Si. 

P. yciy large, oblong, pulvinate, chestnut browm, surrounded by 
cpidcmiis, spores dena^e, oval, bilocular, long pcdtcclkd. 

Abnormal, crumpent from dried stem of ^'aiious plants, e g.. 
Ambrosia, Chcnopodium. Ver^' large, usually an inch long and tw'o 
lines thick, surrounded and often covered by the epideririEs of the 
plant The peduncles of the spores arc five times as long, spores 
ot'al, short, the two cells equal.) 

Represented by three packets. The principal packet contains 
four sections of stem, 3,5-5 cm. long, the largest being 8 mm. in 
diameter, and is labelled Pucci nta huUnta LvS Salem & Sethi in 
Cautibus variisj* ITie two duplicate packets, one xvlth three, the 
other two, similar fragments of stem, are labelled, the first ^"3 Puc- 
cinia buUata LvS,” and the second ” 5 Puednia btdhta LvS,” Part 
of the same original collection is in the Fries Herbarium at Upsala, 
according to I^igerheim {I. c,, p. 64), who renamed the species P, 
tongip£S, because the specific name had been antedated by Link 
(Obs., 1S15). 
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All the fragments show very large sori, reaching 3 cm. long^^ 
characteristic of the rust on F^noni^ when occurring on the stems. 
This h undoubtedly the same rust as the leaf form^ recorded under 
no, 3926, as P. Ferufla name still generally applied to this rmt. 
The leaf form has been grown by sowing spores from the large 
stem son. 

The asterisk before this number is a error. 

*2920. 16 . F, Fyciianthemi^ L.v.Sh rather related to P. Qmepedii^ frequent 
on F. incaniiin, Bethlehem, 

P* spots pnrple, minute^ persistent Sori smalt, fu5C0ii5, Spores 
loosep long pedicetled. 

Represented by an empty packet, labelled on the inside ^^Cseoma 
(Uredo) Labiatamm in Pycnanth glauci fol Beth," with Uredo 
crossed out and “Puccinia” substituted, and on the outside Puc¬ 
ci nia Fycn^rUhemi LvS in Pyc incano Beth," 

The host can be accepted as correctly named, and the rust as 
identical with Pucemia M^ntkir Pers. 

*2^1. 1;?. R compositaruin^ Lk. n. ig, common, Bethlehem, especially oa 
the stems ond leaves of dead Ctiku^ or Cirsmm (F. con/ipifo/ff). 

Represented by an original jacket containing six sections of 
weathered stems about 5 cm, long* the largest being 5 mm, in diam^ 
eter, and all bearing lelia. The packet labelled Puccinia caulin- 
cola vere in caulib. Cnici altissinii,” mth compositarum ” after- 
ward written in. 

Tile cobwebby hairs on these stems indicate that they are thistles, 
and there is ever}- reason to bdieve that they belong to CiVrinm 
a/tffj-iwiiim (L.) Spreng. {Cnkus aUissimm Willd,) as labelled by 
Schweinitz, The rust agrees with Pu^cmia Clrsii Lasch. The ref¬ 
erence to caul incolaundoubtedly indicate the author's opinion 

that his material might possibly be referred to the European C^ama 
cmilincola Kees, which was originally found on stems of Ceutaurea 
paniculata (Syst, PiLze, 16, 1816), By later authors the specific 
name was trans ferred to Pitccma and applied to other forms. 
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*2922. i3, P+ Tn^cqlasa, [L,v,S.p not] Strau£(sJ. HctJi 3 ehein^ here and there 
on leaves of Prenanthes or Hctraciuitt. Entirely distinct from 
the preceding by the broad^ white spores mucJi paler^ 

Represented only by an empty packet labelled **' Puccinia macu^ 
hsa LvS in foL Hieracii." There is a specimen, however, in'the 
Michener ColIccEion at Washin^on, consisting of a glabrous* pale 
green leaf, a little more than 4 cm. long and 2 cm, wnde. bearing 
four groups of telia, labelled “2922-iS—Syn. Car. Puccinia macu¬ 
losa Strau. in foliis Hieracii Beth, ex Herb. Schw/' There is also 
a similar representation in the Herb. Curtis at Harvard University 
on Prenanthis aut Hieradi," a small jiortion of which, through 
the kindness of Dr. \V. G. Far low. the writers have been able to 
examine. Both host and fungus from these two sources agree per¬ 
fectly w ith the material published as 1855, Ellis & Everhairt. ■ - North 
American Fungip” on Cynthia znrgtmta from Illinois, 1882, A. B. 
Seymour, and as 3413. Rabenhorst-Winter, ''Fungi Europflei,” on 
Krigia tHrginica (Cynthia t^rgiiika) from Missouri, 1885, C. H. 
Demetrio. A good description of the rust given by Burrill in 
his " Parasitic Fuugi of Illinois/" p. 18S. It is evident that Schweh 
nitz ivas verj' uncertain about the name of the host as he calls it 
HiVrccjMipi on packets, and "Prenanthes or Hieractum” in the pub¬ 
lished account^ and quite naturally so, if W'e consider it to be Krigia 
or Cynthia virginica^ now' called Adapogon virginku^ (L.) Kuntze, 
for that plant has the aspect when growing that might well cause 
it to be considered under either genus. Even Muhlenberg must 
have been uncertain about it, as his catalogue cither does not men¬ 
tion it. or merges ft with some other species, although a common 
plant of the flora. 

Strauss gave the name Uri^do macuhsa (Ai^n^ Weit Ges. 2: lox. 
1810) to a European rust on Prenauthes purpurea, apparently in¬ 
cluding both uredinia and telia, w^iih which no rust in America has 
been identified. The rust found by Schw'efnitz is a short-cycle form 
not known in Europe. The specific name macuhsa^ under the genus 
Puccinia, is, therefore, to he credited to Sehweinilz. 

292y 19* P- Hehanthdrum. Lv.S., Syn. Car. 495. Lk. p. 74. dearly distinct- 
frequent uTi various Helianthi, and in PeansyIvan ia best developed 
oil dead leaves. On cultivated H, tuberosum, it occupies the tower 
Surface of alniost all leaves. 
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(4|>3- 10, [Pucdnak] Hdianthi Si. 

P, rathfr im^\, orbicular, agg^rief^tcd, black, spores g^loboid- 
OvaU bilocular, very lonj pcdtcelled. 

Common oa maivy Helianthi.—Spores fuacous ytIlow+ pedicel 
white, pelludd.) 

Represented by an original packet containing twenty or more 
fragmentary leaves, 1-4 cm, wide by 6-10 cm. ^ long, and a leafy 
stem, 5 era. long, beariiig one mature flower head> the leaves richly 
supplied with telia. ITic packet is labelled ■'Pucctnia Hclian- 
tkcniui LvS 1826.” 

The leaves of this collection are lanceolate or ovate-lanceolate, 
and probably came from the upper part of the planL Examination 
of the leaves together with the flowering head makes it certain that 
the host is HdianHius tuberosus L., and the date, “ 1B26,’' shows 
that the collection was made in Pennsylvania, doubtless at Bethle¬ 
hem. The rust still generally goes by the name first given by 
Sehweinita, P. Hehanthif although his specific name for the secial 
stage (no. aByi) has priority of place tn the same publication and 
technically should replace it as P, ffelianHti-motlis. 

Schweinitz evidently inserted dearly distinct" under this entry, 
and similar expressions in the following and other entries to em¬ 
phasize his dissent from Link's opinion (L c.) that the species might 
be the same as the European P. Syfigencsariim Link. 

2934. aa P. Heliopsidi^, L v S., S>n. Car. 493;, Lfc. p. 74, and Peniisylvaria— 
entirely distinct 

(49;3. S. [Puccinla] Hcliop&ldis Sk. 

P. ratlier irre^lar, aggregated, iurrounded bj- the epidermis, 
cheitnut hmwn, spores oval, elongate, long pedicdled. biloctilir. 
Frequent on dried leaves of Heliopsis, also on Vemonit— Cells 
of the spores equal, septum situated exactly in the middle of the 
spor*.} 

Represented only by an empty packet, labelled “ Puccinia Hc!ht>^ 
sidis LvS,” 

The rust on Heiicpsis is still known by the name given to it by 
Schweinitz, It has only been found on H. (L.) 

Sweet. Although given as ’* frequent,” yet it is represented by only 
five collections in the Arthur herbarium, all from the Mississippi 
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region, three with ascid, one with uredinia, and only one showing 
telia. The species must be local, although widespread, 

2933. 21. P. Verbesiti*, Lv.S„ Sjti, Car. 496, Lk. p. 74 . ye‘ Pemsyl- 

v^ia—good spede§. 

II. [Ptiocinial Verbcsinat Se. , ... i 

P. punctiform, sparse, fuscous black^ sports bilocular, 

pedicel shorfc t j’l 

On flourishing leaves of Vcrbestna. Sigeibcckn (Richw ted).- 
Spores narrower at the apex than at the base, bilocular : celts equal. 
Kot surrcjundcd by the cpsderinis.J 

Represented by an empty packet, which b labelled cm the inside 

** Diewoma Verbesinte Salem,*’ and on the outside " Puccinia Ver- 
bcyi»<r LvS Salem.” 

SchweiniU's name still holds good for the Ferbesim rust of the 
region he explored. It most likely does not occur on Siegesbeckta 
(richweed), on which no rtist has yet been found, 

•2026. 22. P- Vemoni®, L.v.S., very cotninon on Veriwnia, Bethiclieni. 

p. without spots- By the ratlier pulvlnate sort and by the beautiful 
rusty color of the spores it differs from P- Helianthi. It occurs 
also occasionally on Hdianthus. 

Represented by an empty packet, labelled ” Puccinia Veritonia 
LvS in Heliant ferrtigtn.'* 

This IS without doubt the leaf form of the common Vemonia 
rust, the stem form of which Schweinitz had already named P. 
builala (no, 2919). The rust does not occur on //c/taHlliifs, al¬ 
though occasionally the HeliantIms rust simulates the one on Per- 
nonia. 


2027 . 23* P- Xanthii, Lv,S„ Syit- Car. 5 «x Ue. n, 23 . Also freftoMt oti 

IcavK of Xatithium in Penneyh-niiia. Besurifut and E:Dn!^picuuiis 
fraiti a distance. Sori usualty wnceulnc and aggregated in the 
center of the spot. 

(wo. (Fuccirtla] Xanthii $2. 

P, sped! delSeate, orbicular, pale, beneath fuscous brown with a 
pale margin, spores ublong, bilocular^ pedicellate. 

On lower surface of the leaves of Xanthlum strumanunt, in 
sandy places. Benealb k shows at first pak vtskles resembling the 
cclLi of the leaf, these being broken and enicirclctl by the epidermis^ 
the spores appear in a coherent fuscous pustule, yellow under a lens, 
the pedicel longer than the spore.) 
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Represented by an original packet, containing part of one leaf 
about 3 by 6 cni., bearing many groups of teba, which is labelled 
'“Piiccinia Xanthii LvS Sal & Beth." 

A very common short-q-de rust still designated by Schweinrtz's 
name. 

•2928. 24. P, Helen ii, L,v,S,h rather rare, bvt prooilnent, oa Icatcs of 
Helen [um aulumnate, Bethlehem. 

P. sfmts golden jrellow, espwded. sori puK-Inate, sparse, and dose to 
each otiier, convex, at first brown, later beautifully chestnut. 
Spores rather large, compact. 

Represented by a packet containing the tip of a stem, about 2 
cm, long, with six small, sessile leaves attached, together with parts 
of three niaturer. lanceolate leaves, the largest 2.5 cm. broad and y 
cm. or more long. The packet is kbdlctl *' Pueemia Hclettii LvS 
Beihl.” An empty duplicate packet is labelled " 2 Puccinia Helcmt 
LvS.” 

A careful study of this material leaves little doubt that the host 
is Asttr sdlwifalins Lam., and that the rust is the commoti Pttccinh 
Asteris Duby. The leaves of HeUnimn have a peculiar lower sur¬ 
face due to a sparse pubescence, quite unlike the smooth lower sur¬ 
face of the material in the packet, or of Aster saltcifolms and of 
similar lanceolate-leaved species of the genus Aster. From an orig¬ 
inal specimen in the Fries Herbarium at Upsala, Lagerheitn (TramsS 
^fus, Aarsh.t 17:60, iS^) has given detailed characters as a good 
species, not remarking any error in the host. Even if the host had 
been Heleiiiutn, yet the rust would undoubtedly have proven to be 
the same species that occurs on Aster, judging by the description 
given and the relationship and characteristics of the hosts. 

*^35. 25 . P, Silphii, L.v,Sn sent from Carolina, on leave* of S, U-ifoliatuni 
by my friend Denke. 

P. JpQts ratlier small, purple. Sori tbick, pulvinate, confluent, aggre- 

gated, bbcic- Spores compact cdncotorous. 

Represented by four small fragments of leaf, the smallest one, 
1.5 cm. long, hearing a group of telia. The packet is labelled ■' Pue- 
citiia Sitf*hti LvS in Sylph trifoliat Denkc." 
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Both rust and host appear id«;ntical with those respectively that 
go under the same names at the present time, 

*agi 30 . 26 , P. Asteris, L,v,S, a handsome species, frequent an leaves of A, 
panidjl^tus, Bcthfebem. 

P, spots flattened^ bultate, ycHoiFffs not widely cjcpanded. Son very 
dense, snbconceniralty pbeed, beautifully fnscuas. Spores rather 
loose, con^olorous. 

Represented by a packet containing a short stem with three leaves 
attached and also by ten much crtimpled, similar, ovate-lanceolate 
leaves p all with long, slender petioles, and all sparsely bearing telia. 
The packet is labelled ''Cseoma (Ur) /hlerum LvS Bethl in Ast. 
paniculat/^ with the first two words crossed ont and “ Puccinia ” 
substituted. 

TTie leaves are doubtless Aster cordtfoUus L., and the rust is the 
short-cycle form first given the nahie Purroiid .-^jicriy by Duby in 
1830, two years before the Schweiiiitz natne was published Doubt¬ 
less the early collection on pankuhtus^ this being its most 

common host, was entirely given away, leaving only a later cotteciion 
on et^rdifolius. 

*2931. 27. F+ Kulmise, L.V.S., cotumon on the leaves of Kuhnia, BethJehenL 
P, without any apots. Sori auiphiBerious, pulvinaie, densely 

gated. hbekj&h brown. Spores rather lar^c, loose, long pedi- 
cellcd, A Phragmsdiuin? 

Represented by an original packel labelled on the inside “ Uredo 
Kuhnise in K. eupator Bethl & Salem.'' with “Uredo'"' crossed out 
and Puceinia ” substituted, and on the outside “ Puccinia Kuhniae 
LvS Beth." The packet contains a tiny fragment, 2 by 3>i mm., 
bearing a few large teliat sori. The peculiar glands and hairs make 
the host unmistakable, and the amphigenous sori w'itb their ellipsoid 
teliosporcs fully justify the record. 

The rust is uot common eastward, Schweinitz’s record being the 
only one known to the writers east of Wisconsin and Indianap 
although in the middle west^ especially helw-een Illinois and the 
foothill5 of Colorado, it is not infrequent. In the Carolina list Kuhnia 
is mentioned as host for a rust (see no. 2844) ^ and the earliest label 
on the packet reads Bethl & Salem ” but the packet was probably 
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not labelled unlil after Schweinita became a resident of PeansyU 
rania. We may safely assume that the packet with its fragment 
represents a collection made at Bethlehem, Pa. Unless this were 
true the asterisk before the number would have to be considered 
erroneous, and the omission of “Syn. Car. 478" unintentional. 
Furthermore, if Salem were the place where the collection was 
made, the record would have been Salem & Bethl,, as be seen 
tmder nos, 2832, 2846, 2875, 2888, 2917.^^19. Some ob¬ 

servation at Salem may have been in mind, but with no specimen 
preserved. 


2932 38. P. uivtstita. L.V.S., frequent, observed with J^idium gnafhbalt- 

latum on the tomentose leaves of CnaphaUum polycephalum, 
Bethlehem. Always hidden by the tomentuirL 
P. without spots; sori minute, sparse, roandtsh, vety black, scarcely 
showing at first through the tomentum, sometimes aggregated- 
confluent Spores compact, very dark. Surface of the sori as If 
furrowfl’d 

Represented only by an empty packet labelled " Puccinia inves- 
tita LvS in avers pag Gnaphalii polycephali cum .Ecidio vulgari 
Beth.” There is no reason to doubt that this record applies to the 
rust still passing under Schweinltz's name, P. investita, which pos¬ 
sesses secia and tclia, and is identical with no. 2873. and now better 
called i*. (Schw.) Arth. & Bisby. 


I~v.S-, Syn. Car. qpp. Lit p. 76^ a rare species hut suffi- 
cicnlly distinct—not a Sdcrolium. 

( 49 ^ 14. IPwcpniaJ Galii Si, (n^r Sderolium). 

P. flntmpcnt, globoM-cni'atflp dark fusmtw, sports clavatt 
ubr, short pcdicclEcd. 

On living^ leaves of Galium purpiireum. bat more perfect on dead 
ones, then a line lang.-^Tubercle-like it pushej tip the epidermis, 
which surrounds it Spores a little darker in color thwi those of 
Paednia 


Represented only, by an empty packet, labelled on the inside 
“Dicjeoma Galii Salem,” and cm the outside "Puccinia Galii LvS 
Salem.” There is no specimen of this number at Philadelphia, or 
in the Herb. Curtis at Harvard University or in the Sfichener Col- 
lection at Washington. 

JrtOCv AHEft. PHR., SOC.H VJX, LVIL ^ |LrLY II , igiS. 
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It is particularly unfortunate that no specimen is available to 
substantiate the record, as there is no other record of a Gafium rust 
having been collected in North Carolina, The most southern col¬ 
lection in the Arthur herbarium is that of FnrriMio finnctata Link 
on G. trifiorum made by Mrs. Emily Arthur at Salt Sulphur Springs, 
W. Va„ in 1914, a locality on the opposite slope of the All^hcny 
Mountains.to the northwest from Salem, N, Car, There is no other 
record than Schweinite’s of a rust on C. purpurcum Walt,, now re¬ 
ferred to G. pHosttvi Ait., although it would not be an unlikely host 
for F. puttctttla. The tubercle-like emergence of the sori and their 
distinctly blackish color are sufltciently characteristic of the telia of 
F. punctata Link to make it probable that Schweinitz had this species 
in hand, although it must be a rare fungus in the Carolina flora. 

30. P. Ityffhis, L,v,SrH on and stems of Myrrhis procnnibcns^ 

Bctblehem. 

Px without spots. Sari drnsc, mlntilf, surroundtd hy the niptured 
epidermis, pulvinatcly applanate. Spores vtiy loose* golden 
brown. 

Represented by a scanty speeimen^ consisting of numerous very 
small fragments showing a few pale telia, in tlie original packet 
which is labelled Puccinia Myrrhis procumb LvS Beth/' 

Both iiredmiospores and teliospores are present in the specimeiip 
and are characteristic for the species now called Pimpind'- 

lit (Str.) Mart, The host is clearly as named by Schweinitz 
phyilum procumbens (L.) Crania {Alyrrhis procumbens Spreng-)- 

*2s&35- P. Eulkrla, Lk, n. ^3; on stems of Hyssopns nepetoIdM, rartt 
Bethlehcfn. 

Represented only by an empty packet labelled “ Puccinia cauUn- 
cola in Hyssop, nepet. Bet/' with second word crossed out and ^*bul- 
laria*' written im 

There is a specimen in the Michener Collection at Washington 
exactly answering the re([tiircments of this number. It is a piece of 
smooth stem 4 enu long* split lengthwise and originally 3 mm. in 
diameter. Protruding from a longitudinal fissure 2 cm. in length is 
a fungus-like growthp brown and bullale, that may be the early 
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stage of some ascotnycete but is certainly not a rust. Ko spores 
were found, .'^s the host is a labiate and not an umbeltifer, Link's 
name could not in any case be applicable. 

P 

^ P. ifiemancSp Lk. n, 33, very r&rc on leaver of A. Qtiinqusfolm^ 
but most distinct^ BctbKehetn. 

Represented only by an empty packets vthich is labelled inside 
Dicsjonia punctata Deetvy/* with the later addition above of '^Puc- 
cinia anemones,'* and on the outside *"2 Puccinia Anemones Beth 
Deetwyler^ and also a word preceding the last one which h not 
wholly legible. 

There is practically no doubt that this number covers the rust 
on the host as stated, now called P&lytheH^ fasco (Fers.) Arth, 


5937- 33 - P- solida, L,v.S.^ Syn, Car. 4S6, [ai PJ Anem. vlir^inian, freqii'eiit 
cm leaves of Anemone virginiana, Salem and Betlikhem, 

P. without spot.$. Sort sparse, rather Wge, so very compact that 
thej' appear solid, black. Spores at Icn^h somewhat 
loosened. Sori dispersed over the whole leaf, at first yellow 
and more or less impressed. 

(486. T. [Pucemia] Anemones Virgin ianst Sr, 

P. punctiform, sparse, chestniit brown, spores clasTitCK at¬ 
tenuate into a short pediceh bilocular. 

Spores under the lens yellsjwlsh-white j they pass into the 
pedicel-so that it is not possible to dfstin^Lsh where thej' begm.} 

Represented by an empty packet, labelled " Puccinia solida LvS 
in Anem, Vir.” 

A widespread and wcll-kno'mi species, still bearing the earlier 
name here given. 


2pjS. 34, P. drcJEw, Lk. 43, S>Ti. Car. 491, common, and Bethlehem, 

(491- Gr fFucciftiaJ CiresMt, frequent on leaves Of Circca,) 

Represented by a packet containing parts of three leaves, the 
best preserved being about 3 by 5 cm., and labelled "2 Puccinia 
Circ^w Germ & B & S,” with cancellation marks across “Germ" 
Two of the leaves are faded and pressed smooth, the third is nat¬ 
ural green and crumpled by dry ing. The rust and host, undoubt¬ 
edly C Lnlettana, are common and widespread, although no other 
collection of the rust is yet known so far south. 
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293)9^ 35* acul^ata, L,v.S.p S^ti, podoptiyliiF likewi^^ cotn^ 

iTiOn on Podophyllain E^n Fcinisytvanial. Very distinct Ofi ac- 
cjount of the aculeate spores. 

(4S9. 4. [Puocinia] Podoptiytli Se. 

P, rather large, subconceiitric^ chestnut black on yellowish 5pots> 
$pore5 oblong, bilocuLir, aculeale. 

Here and there on leaves of PodophylluniH^Sporea o^'al^ under 
a leas yellowish* llie points promiueiit, straight^ Pedkel not distinct, 
very short.) 

Represented only by an emply packet Jabelkd “ Puednia actilcafca 
LvS in Podoph Sal & 

Chviog to SchAveinita^^s slip of the pen in calling the spores of 
^cidmm Podophylli {no. 2SSS) bilocular” Link transrerred that 
form to the genus Fticcinia^ which necessitated a new name for the 
present form, so he made a descriptive name from a very distinc¬ 
tive character (1. c.* p. 79). Schvveinitz adopts the name, but e^d- 
deutly considers himself responsible for the species, and, as in other 
$uch cases, does not cite Link's work. Schweinitz^s earlier name is 
still in use for this rust. 

3940. 36. F/LespedcMe proettmhentis, Lv.S., Syn Car. 497, Lk, p. Sj, extra¬ 
ordinary species, and in Pennsylvania. 

(497^ 12, (Pucduia] Lespedez^ procumbeutss Szu 

P, rather smali suhpunctiform, sparse^ somewhat fuscous, 
erumpent, spores ahlong, bilocular. 

Here and there on leaver of Lespedeza procumhena,—It Ijfts the 
epidermia of the lower surface of the leaf into blisters^ which rap¬ 
tured are w'hite, pellucid Sports with &eptum situated exactly in 
the middle of the spore, and the pedicel (white, rather long) is dis¬ 
tinct from the spore.) 

Represented only by an empty packet* labelled " Puccinta Les- 
perfestr procumbent LvS Salem.” 

The senior author in his first publication on ihe subject of rusts 
(Atmr, Nat.^ Jan., 1^3, pp. 77-7^) pointed out that doubtless 
Schweinitz was led into the error of describing the spores as bi¬ 
locular by looking at the dry spores under a magnification of about 
seventy-five diameters. At any rate the microscopic details in 
Schiveiuitz's description can be attested in this way. The greatly 
thickened wall at the upper part of the teliospore, often equal to 
half the spore's length, under these conditions takes On the appear- 
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anc€ of an upper cell separated from the lower by a transverse 
septum. In reality the teHospores are onecelled, and the rust be¬ 
longs under tlic genus Uroniyces, as U. Le^pfitcsir-procamb^ntis 
(Schw.) M. A, Curt. 

■■ 

2&4t. 37 - P. Uspedei* vJolaeese, L.v.S., Si-n. Car. 498. Lk. p. 83, mucli more 
frcc[uent eu L, vioiacea than on L„ polyjtaehya^ also In I^ew 
Jersey. 

(456. 13. [Pueanta] Lespedcrs potystach^te St 

P. rather small, punctiform, stinotindcd by the epidermis, bkek 
shining, spores oblong, attenuate at both etidi, somewhat biloenlar. 

Frequent on the lower surface of the leaves,—Surrounded by 
the epidermis. Spores more elongate and attenuate into the pcdkcl. 
septum scarcely visible, it appears vaguely now near the ape* of 
the spore, again lower. Color of the spores, under a lens, yellow.) 

Represented by neither specimen nor original packet. The rust 
is an abundant one, and is considered by all recent mycologists to be 
identical with the preceding, Urojnyccs I-espcdifsff^pnfcuinbeiitis 
(Schtv.) Curt., and to be both on L. hirta (L.) Homem. (L. poly-^ 
stachya Michx.) and L. tielacca (L.) Pers. 

The elaborate but elusive description of this species, when taken 
in connection with that of the preceding number, illustrates the im¬ 
perfect equipment possessed b>’ Schweinita and others of his time 
for the study of microfungi, and leaves us astonished at the large 
measure of success attained. The present number also illustrates 
the futility of long and cumbersome specific names for correctly 
designating a species. Before a decade had passed Schweinita said 
that the rust ivhich he specifically limited to Lespedesa polystachya 
was found by him “much more frequent on'L, idotaefo" How 
much better it would have been to have designated this rust as P. 
aj^nh. or by some such simple appellation, and avoided bestoiving a 
name that would be burdensome to Other mycoJogists, 

’‘aSMi. 38. P. PhaaeoU trilobi, L.v.S, «t leaves of P. trilobus sent from New 
York, Appears rdaled to P, fabse, 

P. iuri minute, hypophyllaus, partly covered Ijy ilm epidermis. 

Spores black, spou none. 

Represented by an emptj’ packet, which is labelled “Puccinia 
Phascoti Xewyk in Phaseolo trilobo." There appears to be no 
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doubt lhat this number belongs under Uromyces afypt^idicithfus 
(Per$.) Fries, and on Stf"ophosiyles helv^la (L,) Britton (P. tri- 
lobHS Michx.), 

^ P. Fabsf. Lk. n, 45 , on Iw'ts. of V. £aba, Na^rcth* 

Represented by neither specimen nor packet* Doubtless the 
rust was Uromyces (Pers,) DeEary^ and on the host named* 

at that time a plant more often cultivated in America than at 
present. 

*2544- 40. P. Hyssopip L.v.S.h on leaves of H. scrophnbriatfolius, Bctfikhem 
occasionally* 

P, spots yellowish^ effu^. Sori aggregatedn compact, fuscous, some¬ 
what circin&te and imdulately eoniluetit with each other, sit. 
first bbekisk small but occurrin^ copiously upon the IcaL 
Spores fuscous, at koEth rather hx^ 

Represented by a packet, containing a stem, 4 cm, long, with two 
opposite and petioSed leaves attached, and by parts of three other 
leaves, the largest being 2,5 cm, wide, bearing many groups of tclia, 
The packet is labelled "Pucdtiia HyssQpi scrophul LvS Beth 26," 
The host is now placed under as A. scr^jphuhri^foUa 

(Wind.) Kuntze, and the rust is identical with P. v^*rnuosa 
(Schulte) Link. 

»2545, 41* P. Poteo tills, Dv,S-, not PhraEmaditiiti, Lk., on mature leaves 
of P+ canadensis, on lower surface, Bethkhetn. 

P, sori minute. Spores fuscous, at length blade, erumpent, short 
l>ed[eclt»L* Spots almost disappearing. 

Represented by an empt^' packet, labelled ** Pucciufa 
svith one other ^vord, not deciphered. 

The rust is tmdoubtcdly the one often called Fhragfmdtum Po- 
tcntilliP^catvidenAs Diet. It was transferred to the genus Ku^hn^oh 
bv the senior author some time since, and again very recently to 
the genm Fromm<ra^ under svhich it is F* obtusa (Strauss) Arth, 

*^946, 42, F. Ari iriplijflli, Lv,Sh on lower surface of the leaves of A, 
triphylluni, BcthleheirL 

P, spots pale, very broad, on the mar^ns of the leaves. Sori large, 
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often confluent^ at first covered by tlie epidcirnis, som rtiptured. 
Spores brown fuscous, loosely attadicd and Uredo-Sifce but 
nevertheless a true Puccinia. 

Represented by a packet contain ing two large leaflets, 8 by 15 
cm., bearing several loose groups of telia, and labelled “ Pucci nia 
Ari tnphyiliM^uch Chunk/' 

This number h now called Uromyces (Schw.) Farl., uud 

on Arlsittnu tripkytfum (LJ Schott (- 4 riijji iriphytlum L.), other 
stages of the life cycle being listed tinder nos, 2S39. 2860 and 1S61. 

Genus 213. PHBLAG^tlDlU-M. 

It is worthy o£ note that I have never met with a Phragmidiuni In America 
on the leaves of Rosa or Rubus, but the following very 
contTuon species without doubt belongs here. 

3047 - r- Hedysari, L,v.S.^ Syu. Car. 503^ frequently occurs on leaves 
of H. pankulaluru and others, Be^lehem and Salem, 

P. sori minute but thickly scattered over the whole leaf^ restini upon 
the epidermis. Spores long pcdkellfd^ pedicel articulate^ 
pellucid, remainder opaque, ovate, obtuse, not cylmdrii^ oh- 
scurety septate, not constricted at the articulations, fusco-tis 
black. 

(Soj. ift, [Puednia] Hedysari panicutali Sr, 

P. punctiform, sparse, fuscous, spores ovate-globose, fus¬ 
cous, pedicel s^ery tong, fill form, pellucid. 

Frequent on the under face of the leaves of Hedysarutn 
paniculatuni. I see no septum in tlae spore. Pedicel filiform, 
pellucid.) 

Represented only by an empty packet, labelled on the itiside 
"Dicaeoma Nedysari panJeuTat Salem," and on the outside " Puc- 
cinJa I-ffdysari panic Salem," 

If the genus Uromyees had been in use at the timd, Schweinitz 
undoubtedly would have placed this species under it. certainly at 
first, for he says he could see no septum. WTiat his idea of the 
genus PftriipjMfdiKHi was. it is now difficult to say. but the senior 
author has explained in the paper referred to under no, 2940, that 
when the teliospores are seen dry under low magnification "the 
pedicels being delicate cylinders collapse and twist like a ribbon, and 
what appear to be three or four joints in each pedicel ate very dis- 
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tinctly shown ( 1 . c,)^ hence Schweinitz sSiys "peditcl articulate.'^ 
The earlier specific name is still retained, the species being Uromyce^ 
Hcdysari-punjcuiaii (Schw.) FarL, and on Mcibomm panknliit^ 
(L.) KunUe (Hisdy^rmn pattkjihiam L,, De^modtum punicutalum 
DC). 

—^The genera nutnbered 214-246 indiide the remainder of 
Series I and all of Series Il-lV. Under Series IV, Sporodermei, 
the following species belong with the rusts. 

Genus 241, SErRiDruM. 

*joS4. S. mir^inatuni, Lk. p. 126 n. L Our pl;^t. very comiuan on Rosa 
corymbosa growing in inundated places, agrees c^adJy witli 
illustration and description. But it is not the same in 
$ize; for usually it occurs on branches, liviog or half alive, witb 
huge sorl, very thick, two inche^p encircling the branches, and 
often many spri joined together. Spores so large that they are 
clearly visible to the naked eye, or at least through a lens of 
very low power. 

Represented by a mounted specimen, consisting of three fos« 
stems, 4-6 cm. long and 6 mm. thick, well provided w ith large, 
bbckish sori. No onginal packet w^as to be found. The rust is clearly 
the very distinctive Edrha specksa (Fries) Arth. (Fhragmidium 
spcciojufu Fries), on Rosa caroittia L. (/?. c&rymbosa Ehrh., R. 
paucifora MuhL), 


•jo85r ^ S, SimiUcis ttypographical error for StnilacJs], Lv.S., here and 
there erumpent from the stems of Smila^r onduca and other 
species, BethlehEnx 

S. sori very long, confluent, yet much smaller, and not so thick [as 
in the preceding species]. Spores cyhndnc, dark fuscous^ obtuse, 
pedicels ^►ery Jong, contorted, white. 

Represented by neither specimen nor packet at Philadelphia. In 
the Michener Collection at Washington, there are tw'o stems, one 
5 cm. long by 5 mm, in diameter* and the other 4 cm. long and 3 nun. 
in diameter, with many long Aveak prickles and well covered wHth 
masses of telia. They are mounted and are labelled ^^Schw. Mss. 
Seiridiiim obtusiusenium on rosa, Smilacis Beth, ex Herb. Schw\/* 
but Avithout number* 
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The host is undoubtedly some species of Rosa, and may welt be 
R. xnrgimam Mill., ;vhile the rast is undoubledly Earh-a spcciosa 
(Fries) Arth. The appearance of this material corresponds to 
Schweinita’s description. 

Genus 243. GyMKospoEAN-cjuM, 

309+ r* G. Juniperi, Lk, p. 127, n. i. Not frequent, but very distinct from 
Podiionm Juniperi, found near Easton, Pennsylcasia, on Jutti- 
perus vji^niana. 

Represented by a mounted specimen, consisting of a woody stem, 
II cm. long and 8 mm. in diameter, with a fusiform swelling from 
which the sori have dropped away. The stem was broken into ttvo 
unequal parts before mounting. No original packet has been found. 
The mst is that of GyMtMOfporsH^ijfm gcrmimle (Schw.) Kent 

(C, claviges C. & P.), of which the secial form is given under 
2904. 

Genus 244. Podisosia, 

I. P. Jnniperi, Link, p. 127, found by me on a sing^Ie Jusip, Sabina 

111 this region—copioiajfy developed 


Represented by a mounted specimen, consisting of a four- 
branched. woody stem, 5 cm, long, having a few subulate leaves each 
about j mm. long, and with a few, slender, corneous son remaining, 
most of the telia having dropped out or been eaten by insects. No 
original packet has been found. 

^be rust is that of Cy}nnosporoNgitttit (Jacq ) 

DC., and the host is most likely Jutfipertts communis L., being the 
common juniper, and not the red cedar as the name used by Schwei- 
nite would seem to indicate, 

3096. 2. P macropus, L.V.S.. Lt. p. 127 (error for 128], wrorgV under 
GymaospoTangiuTn fin earlier work]. In the part* of North 
Carolina best known to me a rather rare fungus. In Pfliuisyl- 
%^ia very eomraon, particularly affecting juniperus virginiana 
that h« suffered by much pruning, and cemmonly known by the 
name "Cedar apple," under which name it i* offered in the 
market as a powerful, though imaginaiy, vermifuge remedy. 
Link expresses rtBiet that I did not examine the structure of 
the underlying sporidochium. Now such thing* as were not dis- 
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by me, this pointr 1 gladly add here. In the Eral 
place this very puzElin^ base ou^hl by no meaiis to be regarded 
aa a sp&ridochium, if by tbSs term it is iriteiided lo designate the 
stTuctiirc so called la Podisoma Juniperi. That body, which la 
gelatinous and composed of the iisterwovcn stalks of the spores, 
corresponds exactly with tJie tremcllose liguks of Our P. 
rQptiJ. On the Ollier hand the bostlar capitulnm, the part in 
question. Is of a wholly difi^ecent nature. Never, moreover, is it 
wanting. In fact it always constitutes the first evidence for our 
fungus; showing itself in the earliest stage on the slender 
branches of J* virgiulana of the size of a rather large pinhead, 
cnlar^ng gradually, usually without altering the affeeted 
branchy and swelling into a more or less regularly turbinate and 
plicate capltulum,—reathing a diameter of an itichp or even two 
inches- Its testturc wlien diy' and old is fibrous"eork>% as in Fis^ 
lulina but not sweeulent-fleshy, as if composed of fibers radiating 
Irom the broadly obconic pedicel—otJierwisc presenting at the 
time a somewhat woody conditloru The immature capitulump 
on the other hand^ may be easily cut like an apple, or even eaten. 
Externally it has an epidermis-like cortex from lilae to fuscous 
purple in color, entirely juiceless like the skin of an apple:- Over 
the whole surface appear regular pits, polygonal or mostly 
pentagonal, at first merely applanate^ soon impressed and iimbo- 
nate; finally during wet wearher+ the cortex rupturing in the 
center^ the ligular gelatinous sporidochia an inch long arc pro¬ 
truded—bedecking all the trees during a rainy spring night as it 
were widi the richest crop of ripe oranges. If the wet weather 
Eontinues for some daj-s^, the Hgulcs in this condition begin to 
dissolve. In the sunshine, however, llic ligules are soon dried 
oiit—and they never again revive. The capitulum persists 
through the year. Old specimens are internally not unlike ex- 
cresceneca of trees. Yet never can a capitulum be found with- 
out ligules, at least at first nor ligules without a capitulum.. U 
is usual where trimmed juniper trees art forced ajlificlally into 
a pyramidal or other shape for this fungus tq attack them in in- 
creditile abundance—but according to my observations cartttilly 
made during ten years, such trees are not destroyed, nor do 
they appear even to be harmed. There are tlierefore many 
people, and not a few educated ones, w^ho thoroughly believe thii 
fungus to be the inflorescence or genuine fruit of the junlpcn 
1 am ihoroughly convinced by careful study that the base has 
nothing to do Willi itisecl work. Yet it is not to be posilh'ely 
asserted that it is futigoos. It seems to me to be a very ab* 
normal growtli, coticernlug which there is nothing more to say— 
but it should be further shidied, 

‘ —The structure of the base of this fungus in its young stale 

before it protrudes the gelatinous Ugute, accidentally omitted in its proper 
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pUcc. is as follows. The texture of the base at that time mside is tike tlie 
flesh of a Kpe apple—if cwt into slices witli a knife—the color is greenish 
^itc as in a green apple; ooiy^eellular, apparently radiating from the stalk. 
The green color soon clianges to tawny orange—and tlien may he seen a few 
white brandn’ng fibers radiating from the stalk. As soon as the ligules are 
protruded on account of rainy weather, tlie base grows no more; but if the 
weather is not rainy the base enlarges day by day. The epidermis of the 
younger sporidochia, before their full maturity, has a somewliat htamentons- 
scaly^ texture, the thickness of the skin of an apple. In their mature 
condition the ligules are covered witli sporidia, just as in P. Juniper!—but 
the hgules are usually longer and not conic, often subflexuous and more 
attenuate toward the apex. 

The asterisk was probably oniitted frotn this nifmber by mis¬ 
take. Schiveinitz evidently had many doubts about the true nature 
of this funfus and \t& generic position. In the Xorth Carolina list 
he did not add “ Sz.” to the name, nor did he supply a technical 
diagnosis, as fti the case of his other new species. This niav have 
iMCn an accidental omission while in editorial hands, but is more 
likely an indication that Schweinitz hesitated regarding the best pro¬ 
cedure. 


( 50 + t. [G^mnosporangium] JuiiJpcri Virginianse. 

N. B. Wholly to be separated. I believe, from the genus Puc¬ 
cini^ and to constitute with Podisoitia Juniperi, on the European 
Sahma, a new genus, even of this order? {tliat Podisoma Juniper! 
s^uld be reunited with Gymnosporangiurn Juniperi Nees himself 
aBSrms), In both the form and substance of the gelatinous ligule, 
loaded with spores, it agrees with ilie European fungus mentioned- 
^t ours has a remarkable base, a thing never seen in tbe European! 
This base, as I have termed it, a somewhat corky-fleshy body, is 
quite like the flesh of Boletus hepaticus, even In color, and is bome 
on an obconic sulk, attached by its tip to the slender branches of 
our cedars (juniperus Virginiana) at the veiy top of the trees'— 
from tliis it changes into a hard (almost woody) capitulum ex¬ 
panded, with incurved margins, marked with many pits, from which 
in wet weather are protruded the ligules, which when they hav^ 
been dropped leave the pits eminy. The color of the base is flesli- 
gray of the fungus when fruiting and extrudmg the ligules strongly 
greenish golden, attracting the eye from a disuncc. Also, the capit- 
ulum is pendulous, and has a diameter of two to four inidtes. 

Spores covering the exterual surface of tbe iigwlcs, linear- 
oblong, somewhat curved, two-celled, when again wet after drying 
yellowish, exactly like Nees*s illustration cliaracterizing G^no- 
Sporangium.) 
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Represented only by a mounted specimen, consisting of three 
gaUs, each about 1.5 cm, broad, one of which bears numerous pro¬ 
jecting telia, 5 mm. long, the other two much eaten by insects. The 
fungus is one of the best known Aiuerican rusts, now generallj 
listed under the name first given by Schweinitz, Why Link changed 
the name, having no information except that supplied in Schweinitz’s 
Carolina list, and not having seen a specimen, is not evident. 
Sichw'einitz accepts Link's substitute name, but places the species 
under the genus Podisonia for reasons which he states. 

Note .’—The above account includes all numhers pertaining to 
rusts in Schweinitz’s "Synopsis FungOnim in America Boreali.” 
It also includes all numbers possibly relating to rusts, given under 
*£cWn(fji, Uredo, Puccinia and Gymtiosporangiam in his "Synop- 
sis Fungorum Carolins Superioris” except two, 

Ko, "460, [i/redo] coiiflaetis rare on softer leaves, e. g. 
Veratruta album,” is represented by no specimen or original packet 
at Philadelphia, and the idenrit)' of the collection must be left unde¬ 
cided, No rust is known that would answer the requirement. 

No. ”475. [Vrtdn] Bets, a and jJ, here and there on leaves of 
the garden beet and on Ipoatsu paadtirane," is represented by no 
specimen or original packet. The most probable suggestion points 
to species of tbe Phyconiycetous genus Albugo to account for this 
number. 

SemVETNITZ'S UREDINALES IN SVSTEU.^TIC .ARRANGEMENT, 

COt,EOSPORIACe.1t. 

CoLBOsroRiuM Ipojice^ (Schw.) Burr, (Vfedo Iponusis Sebw., 
Csama Ipomas Link), 

On IpofHCca pafiditr^ta L,, ll. III, North Carolina, 

CoLEOsroRiuM Eleph,\ntopodis (Schw',) Thiim. {Uredo ElephaiUo- 
podis Schw’., Csoma Elephantopodis Link). 

On Elcphatitopus tomentosus L., II, North Carolina, 

(COLEOSPORlUli VehnoKle Berk, & Curt. 

On Vernonia noveboracensis (L.) Willd., North Carolina, 
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CoLEospORiuM SoLiDAGiNis (Sctiw.) Thum. (Uredo Solid&gims 
Schw^f CiTojHa SoUdaginis Schw.). 

On Solidago aUi^sintit L., lip North CaroHo^j ^8^6* 

SoHdago Mill,* II, Pennsylvaniap ^8^. 

Sotidaga scfnpendr^ns L., 11 , New York, 

SoIMagQ seratim Ait., II, Pennsylvania, 2S26. 

COLEOSPOEIUM Tehlebinthinacm {Schiv.) Arth. {Uredo rer^&iit- 
fhinaccff Schiv., Citorna Tmbinfhinoc^^ Schw.)- 

On Siipliium ii^rebinihinaceum Jactj,, 

CoLEosPOKiuM HELl.^^THI (Schw.) Arth. {Cw0nm Hi^lianihi 
Schw.)» 

On Helianihus giganteus L.^ ii. III; Pennsylvania, 

UREiJiJ^ACEiE {MetampsOraceie^^ 

Melampsoju MeduS/e Thiim, 

On Popitltis dilatiita Ait. (F. UaUca Moench), II, Pennsyl¬ 
vania, ^55, 


Melam PSORA Bzgeloutii Thnm. 

On Saiir nigra Marsh., II, Pennsylvania, ^8^6. 

PucciSiASTRUM AGRrMOXLE"(Schw,) Tranz. {Citovia Agrimmi^ 
Schw.), 

On Agritnofua porviflora Soland., II, North Carolina (Penn¬ 
sylvania)^ 

PUCCINIASTRUX Myrtux: {Sebum.) Arth. (P. mnimum Anh., 
Unrdo miithus Schw,, Cffoma Asahs! Schw.), 

On Azalea nudiflora L, II, North Carolina^ Pennsylvania* 

KtjRHNEOtA Uredisis (Likk) Arth. {Phragjmdium olbidum 
Lagcrh.). 

On Rtf bus idoTHS L., II, Pennsylvania, 
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Melampsoropsis Pvrol*e (DC.) Artb, {Cttowa pyfolatum Schw*, 
^ILcidiutn pyrohtttm Sctiw., ChrysomvAfi Pyrola Bostr.). 

On Pyrola ttiiginosa Torr. (P, rotimdifalia Am, Auct.), II, 
New York, ^^Pi* 

Hvalopsora Aspidiotus (Peck) Magn, 

On Phegopteris Dryopterit (L.) Fee {Aspidttttn obltisttm 
Muhk), II, New York, 2836 . 

Crosartium Quercus (Brond-) Schrot. (Peridermium Cerebrum 
Peck). 

On Phus virgitiicus Mill. (P. inops Sol.), I, Pennsylvania, 
^oj. 

Peridermium interm EDI vm Aith. & Kern, 

On Finns sp., I, North Carolina, -*poj. 

.^CJOIACE.« 

Ravenelia epipkv'ixa (Schw.) Diet, (Sphtcria epiphylio Schw.), 

On Cracctt t^'rgmiam L. {Tephrosia Tfirginiona Pers., Galega 
^r^t»/aiia L.), Ill, North Carolina, 1474- 

¥ 

Tran^chelia punctata (Pers.) .\rth. {Cs&nts hcpaticotum 
Schw,, ,4iddium hcpaticalum Schw„ Puccinio Fruni- 
spinpste Pers.). 

On Hepatica Hcpalica (L.) Karst. (//. iriloba (Thaix,. Anem¬ 
one Hrpatica L.), 1, Pennsylvania, ^ 78 . 

PoLYTiiELts FUSCA (Pcrs.) Arth. (Pifrci»»8 Anemones Pers.). 

On Anemone quinquefolia L., Ill, Pennsy'lvania, 

PoLYTWELls Thalictri (Cliev.) .Arth. (Caottto Thajiclri Schw„ 
Pncciitra Thalictri Chev.). 

Chi Tkalictmnt polygamtim Muhl, (7*, Corttuti Auet.), Ill, 
New York, 

?PKRAGMlWUiI IMITANS .Artb. 

On Rubtts ideeus L., I, Pennsylvania, ^ 8 ^ 4 . 
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Earlea SPECroSA (Fries) Arth. (Seiridiitm ittarginaUttis Schw, not 
Xe<$, St Smiiacis Schw.j Phragtnidimn sfiedesHm 
Cooke), 

On Rosa caroltHa L. (Jf. ioryttibosa Ehrh,, /f. paiicijiorii 
MuhL), I, North Carolina, III, Pennsylvania, 

SoStf. 

Rosa virginiatia Mil!,, Ill, Pennsylvania, JoSs. 

Fromme,\ obtltsa (Strauss) Arth, (Pucdnia Potcntillff Schvt., 

Po^ewfiVte-coworfejr^iV Diet,, Kuekneola ot- 

^Kfo ,Arth.). 

On FotcnlUla canadensis II„ IT,, North Carolina, Pennsyl¬ 
vania, HI, Pennsylvania, JppSt 

KvsKELtA KJTENS (Schw,) Arth. (JEcidinm nitetis Schw,, A. lttmi‘ 
nalutii Schw., Ceefima Ittmittaium Link). 

On Ensletiii Tratt., III. North Carolina, JsSSp. 

J?tflptrs sp.. Ill, Pennsylvania, ^88-, 

*■ 

Gvmsosporangium MYRICATUSI (Schw,) Frodime (G. Etiisii FarL, 
Cffoiwa myrkalum Schw., .■Eddiuin myricatam Schw.), 
On 1/vrrfa ceriftra L,, I, New York, iSp^. 

Gym NOSPORASOtUM JuNlPERI-VlRCIKtAK.E Schw’. (£?. macro pttS 
Link, Pedisoma macrapHS Schw,, Cffowto ^yrorifjs Schw,, 
-Efitfruni pyratiim Schw.). 

On Mains rorojiaria (L.) Mill. {PyrMJ coronana L., P, angus- 
tifolia ,Ait.), T, Pennsylvania, ^Sp6. 

Matus Mains (L.) Britton (PyTjfj Mains L.), I, Pennsyl¬ 
vania, sSpgt, apoo. 

/ain>c™j s'jrpiBraiia L., 111, North Carolina. Pennsyl¬ 
vania. jopd. 

Gymnosporaxcium gejobosvm Farl- 

On Cratagus pnnctato Jacq., 1, Pennsylvania, jJpp a. 

Pyrwj roiHtintJftj L., I, North Carolina or Pennsylvania, or 
both, spoot 
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Gym NOSPORANGIUM MVALTNUM (Cookc) Kcm hyalina 

Cooke). 

On Cfottrgus virid^s L. (C. arborcsc^s EB.)^ I, North Caro- 

litiap 

GYMNOSPORANGIUM TJL«kCHY50RUM Kcm. 

On CratiTffus Oxyacantha h., I, Pennsylvania, ^99y- 

Gymnospohangium eotryapites (Schw,) Kern (C. Ms^^ptatum 
ElliSp Caroma boiryaptits Schw., Ceraiiies bGtryapites 
ScbAv.}- 

On Ain^hfjchi^r canadettsls (L,) Medic, (^ri^iiio Botry&piufn 
Pers.)p Ip Pennsylvanian 

Gymnosforancium cerminale (Scliw.) Kem (G. ctazdpes C. & 
P.jp gennhtiile Scbw.^ Peridemduf^tr gennhi^e 

Schw.). 

On Crciitrgsis It Pennsylvaniap 

Juniperus virghtiam L., III. Pennsyh^ania^ JW- 

Gym NOSPORANGIUM CLAVARLEFORME (Jacq.) DC. 

On Junipcrus comviunis L.p 11 Ip Pennsyh^nia, jopj. 

Uromyces JuncI'Effusi Syd. (PHtfciwia Jund Schw.). 

* On I uncus effusHS L., Up III, Pennsylvania, ^o 6 , ^ 13 - 

Uromyces CaLhAdii (Schw.) Farl. (jEcrdium Caladil Schw.j A. 

aroidatum Linkp A. dracontionafum Schw., l/redo CaJadii 
Schw.t Cn/adit Schw., C. arnida(iim Link, C An- 

virginici Schw.p C. dracouihn^tum Schw.^ Pucctnu^ Ari- 
triphylii Schw.). 

On Ansititui ^ri/>AyWtt>ji (L.) Schott iAphyllum L.)* 

HI, Pennsylvaniap ^-/d. 

Muncauda Dracontium (L.) Small (j4rum Drac^?H/iiiJ» L-, 
Aris^na Dracontium Schott), 1, North Carolinap Ptnn- 
syjvaniap ^S6i^ 

Peltaudra idrginica (L.) Kunth {Arum iflVpjitrffW L.), 11, 
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North Carolina, Pennsylvania, I. North Carolina, 
2860. 

UaoMYCEs holts'jconiatu’S (Sehiv.) Sheldon (Ctronia houstoniatum 
Schw., Mcidimn h(mstonht%m\ Schw,). 

On Houstonia C{2fnlea L., I, Pennsylvania, 28^1. 

Uromvces HypEwci-FitoNDOst <Schw.) Arth. {Mcidium Hyperici- 
frmdosi Schw., A. kyp2ricafum Schw,, Csoma Hypmci 
Sehw-, C. hypirKotttm Link), 

On Hypericum prolificum L, (H. frondosum Alichx.), I. 
North Carolina^ 

Plypericum sp.. II, North Carolina, 2342-, I, Pennsylvania. 

288j. 

Uromyces peoatatl’s (Schw.) Sheldon {U. Andropogonis Tracj', 
jEcidiunt pcdalatinn Schw,, A. sagittahim Schw., CteonKt 
pedalatHm Schw., C. sagittatHm Schw,). 

On Viola pedata L., I, Pennsylvania, ^ 5 %. 

Viola primuUefolia L., I, Pennsylvania, 2884 p.p. 

Viola sagittata Ait., I, Pennsylvania, 2886. 

Uaouvces appenoiculatus (Pers.) Fries {Uredo appeudkulata 
Pers., Pucciuh PhaseoU-trilobi Schw.). 

On Pkascolus vttlgarh L.. II, North Carolina, Pennsylvania, 
284$. ^ 

Strophostylcf helvolva (L.) Britton {Phascotu$ tritobus 
Michx.), Ill, New York, 2^42. 

LaositCES F.sb^ (Pers.) DeBary i^Utedo Vicke Pers., Ceroma 
legfiminosantm Schiecht., Puccinia FoIkc Link,) 

On Vicia FiAa L., II, III, North Carolina, Pennsylvania, 284 

11943. 

UaoMYCES Lespedez^-pkocumbektis (Schw,) M. A. Curt {Puc¬ 
cinia Lespedesie-pracambentis Schw., P, Lespedesff-poly- 
slacky^e Schw,, P. Lcspcdesea-violaceac Schw.). 

On Lespedesa hirta (L) Hornem. (I, potystachya Michjc.), 
Ill, North Carolina, 2g.fl. 
rioc. AJuwK- FHiL. soi^ v«„ lviJh s, 17^ 191 a: 
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Lespedesa procumbens Michx,, III, North Carolina, Penn¬ 
sylvania, 3940, 

Ltspedeza violacea (L.) Pers., Ill, North Carolina, New 
Jersey, 394 ^. 

UaoMYCES Heovsaiu-paniculati (Schw,) Farl. (FMfeoiifl H^c^y- 
sari-panicuhH Schw., Phragmidium Hedysari Schw.). 

On 3 /eiioinia pankuiata (L-) Kuntze (Hedyiamirt ptmiaila- 
tuitt L-, Dfiinodiuiti pnntciilottitn DC.), IH* North 
Carolina, Pennsylvania, 394j. 

Uromvces proEuiseNS (DC.) Pass. Euphorbia-hyper^ 

icifolia Schw., Cfl'OJiuj Mupborbia-hyperidfolis Schw.), 
On Cbamasyce titactdata (L.) Small (Eapborbia tHocvIata L.), 
I, North Carolina, 3S46. 

Chamasyco PreslH (G^iss.) Arth. {Euphorbia Pnslii 
Guss.), II, III, North Carolina, Pennsylvania. 3846; 
I, North Carolina, Pennsylvania, 3890. 

Uromvces SpEaiiAcocEs (Schw.) M* A. Curt. {CaotHa Sperma- 
coces Schw., Puccima Spermacoces Schw.). 

On Diodh ieres Walt. {SperiMCOce diodina Michx.), ii, IH, 
North Carolina, Pennsylvania, 3840. 

PccciKiA pocvLiPORMts (Jacq.) Wcttst. {Aicidiu»i Berberidit 
Pers,, Caotaa berbzridalttin Link, Puccinia gra7tunis 
Pcrs.). 

On Berberis I'ulgaris L., I, North Carolina, sSSr. 

Trilicttm jtiigare VilL, II, New York, 38tp', III, Penn¬ 
sylvania, 3905, 

Puccinia emphylla (L,) Wcttst. {P. Fnaritiii Niessl). 

On Poa pratemis L., II, North Carolina, 381S. 

Puccinia voigata Ellis &. Ev. {Caoma Andropogi Schw.). 

On Sorghartntm Hutain (L.) Nash (Andropogon aveKaceum 
Michx.), II, iii, Pennsylvania, 3830 , 
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PucciK iA Majant^^ (Schum.) Arth. (^Scidhtm UzmlaritB Schw., 
^cidiufn utnilariatuin Schw., Caotmi CQnv:(diariatttm 
Link, C. uvulariatuin Schw,}. 

On Uvularia pcrfoliata L.. I, North Carolina, 28^. 

Vagncra racams^ (L.) Morong {Stttihchia raccvutsa 
Desf.), I, Pennsylvania, 

Asdropogonis Schw, { P, Schw,, ^cidium Pctv- 

tastemonis Sdiw., A. pcntstamtiiaUtm Schw., Citomoi 
pentstcmomatum Schw.). 

On Andrapogon. scopariifs Michx,, III, Pcrmsylvatila, 2ptl. 

Andropogon virgmeas L., Ill, Pennsylvania, 2915. 

PentsteMfon aitsiralis Small, I, North Carolina, 2S64, 

PucciNiA FSAXiNATA (Link) Arth, (H^ck^rKrn Fra^’iwi Schw.^ 
Cffowa fraxinatmt Link, C, fraxmitts Schw.). 

On Fraxinxts sp., I, North Carolina, Pennsylvania, 

PuccrwiA AauKDiRARiiG Schw. 

On Aruttdinarh sp., Ill, Carolina, 2907. 

PucciRiA Clematicis (DC) Lagerh, {P. Agropyri Ellis & Ev., 
^cidiitm CleHiatitis Schw., A. de»iaii1at«m Schw.[ 
C^otHa detustiialitm Schw,), 

On Clenunis idrghuana L., I. North Carolina, Pennsylvania 

2874. 

PucciNiA Eatdkl* Arth, (JEcidiuitt RanuNeulf Schw,), 

On /fniiMHCiffttj aborthtis L., I, North Carolina, Pennsylvania, 


Pucci,viA HIBISCIATA (Schw.) Kdlcnti. (P. MukImbergM Arth. 

^ ^ScidiutH htbisfioltittt Schw,, Cttotno hibi- 

jciatum Schw.), 

On Hibiscus mililaris Cav., I, Pennsylvania, 2 Spp. 
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pcccmi* Iv.pat.ik™ (Schw.) Anh. </>. 

ImpalieiHis Schw., A, imfoUetitatum Schy ,.. 

impatienialutn Schw.)- xt 

On biflora Walt. . (/- ntaciUata Muhl ), 1 , ^orth 

Carolina, Pennsylvania, ^8So. 


Puccini A Sorgiii Schw. 

On Zea Mays L., ii* IH, Fenns>'lvania, 2910. 

PuCCiNIA EMACULATA Schw, 

On capithre L.. HI. Pennsylvania, 291^. 


PucciNiA WiNPsoRiAi Schw. 
On TWJcJiJ flavta (L.> 

sestfrioid^s Michs 


Hitchc. (Ppa qtiiitqwfida Pursh, P. 
P. fiava Ia.), ni, Pennsylvania, 


29N- 


Ppcckia I.VS.MACB.ATA (Link) K.m (P. Magn., 

ilfm LvWfJwcliiff Schw., Ctronui lysimachtaUtm LmkJ- 
On LTJi'wiffClno qtiadrifolia U h North Carolina, 

LysimaAtia terrestris (L.) B. S- P. {L. tac^>wsa Lam.. L. 
' stricla Ait.), 1 , North Carolina, Ptnnsylvatiia. 


PKCC.K.A ...En«:uvTA (Schn-.) Ank. S= Bivb, (P 

Alcidium hieraciatHvi. SAlyt.X^^o«H^hieTac,atumbch^^.) 
On HifTflfiiort fon'caiaftiJH L., I, Pennsylvania, 2868. 


PuccisiA AsTF-atTM (Schw.) Kpm (P. extensicota Plowr., Aicid- 
iiiiK Schw., A. asteratum Schw., A. engerowa- 

lum Schw., SAidoghis Schw., Cteoma astcratufn 
Link, C. erigeronatuta Schw.). 

On Aster pankutalus Lam., 1 , North Carolina, 28yo. 

Erigtron nJiHtinjr Pers. (£. heterophyttus MuW.), I. Penn- 

• sylvaiii^p 

Solidago sp.. L North Carolina, 2870. 


PUCCINIA IFIMS (DC.) ^\'al 1 ^. (Ctronm Mdis Schw.). 
On L„ 11 , Petwylrdnia, 2812 
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PuccTNiA POLVGOKI-AMPHIBU Pers. (F. poIygoHorum Link, F. 

F^lyffani-pcttsUvanici Schw.^ cmicmirica Schw., 
^^cidium Gcninii-ma^tiiati Schw-)- 
On Gtrafmun mnadatum L,, I, North Carolina, 

Persicaria enicrsa (Michx.) Small (P0lyffomifn c&ccinaim 
MohL), Ilf III, Pennsylvania, 

Persicaria pennsyh^nica (L.) Small (^Polygonum pcnnsyi- 
vanicmn L.), Ill, North Carolina, 

Tez^ra tnrgmiam (L.) Pal* {Polygonum tdrgmiafium L.), 
Ill, Pennsylvania, ^17, 

Pucci KiA^ cla\toniata (Schw.) Peck efay/on^jfum 

Schw,, CffatMfl ctayfomatHm Sdiw,). 

On Ciaytonia virginka L., I, New York, 

Pucci nia ANEMoxes-vtaerNUANx Schvv. (F. s^lida Schw.)> 

On Anmwnc virgimana L, III, North Carolina, Pennsylvania, 
m 7 ‘ 


Pucci NiA PoK>pttYi-tT Schw- (F, ^culcafa Lmk, ^cidium Pod&- 
phylli Schw+, pod&phythium Schiv.)^ 

On Pod0phylhm pcHatum L., I, HI, North Carolma, Penn¬ 
sylvania, ^SSSf 

PrccJNiA ]TEucKEfi.E (Schw.) Dietel Heuchent Link, 

Uredo HfuchcriT Schwj, 

On Heuchera anicrkana L., Ill, North Carolina, 

Hcuchera tdihsa Michx., III^ North Carolina^ ^4S* 

PucciN iA Vioue (Schum.) DC. (.Radium Viol^ Schtim., CfToifto 
viohium Link)^ 

On Viola ha^tata Michx., I, North Carolina, ^884 p.p. 


PuccmiA Sambuci (Schw.) Arth. (F. Bolkyana Sacc., JEctdimti 
Sambitci Schw,, A. sambucialum Schw., Calami initi- 
buclaitim Schw.)* 

On Sambucus canadensis L., J, North Carolina* Pennsylvania* 
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PuccjNiA Grossulari.^ (SctiniTi.) Lagfirli. (Cffisma gr^s^ularitjUim 
Link). 

On Car^x sp.* HI. Pennsyivania, spoS p.p. 

Gfo^sularta oxycanthotdcs^ (L.) MilL (iiifrffj oxyc&f^ihQtdiS 
L-), I. Pennsykaniap ^8^. 

PucciNLA El^ockahidis Arth, (C^PDiitfl compi)sUariint Link p-P-)' 

On Eupatarium pitrpurcum L,, 1 , Peiinsylvania. 2867 

Puccini A angustata Feck. 

On Scirpns cyp^inus (L.) Kunth, IIL Pennsylvania, ^oS 

PucctNiA cANALictrLATA (Scliw,) Lagcrh. {Sphitria ^anaticuloi^ 
Schw.). 

On Cypirrus $p-p HI, Pennsylvania, 1^87- 

PucclNlA Smilacis Schvv, (^Er/cfiwMi SfnU<fcis Schw^p ^nuiaciiia- 
tum Schw.j smiiachmiuntr Link* Uredo Sinducts 

Schw,)+ 

On Smilax rotundifolia L., 1 , NorEh Carolinap IL same, 

^822; III, same, 2pi6. 

Smilax sp.p Up Pennsylvania, 2S22; HI, same. 

PucciNtA Ciac^^ Pers. 

On Circera LuUtiana L., Hip North Carolinap Petinsylvaniap 
2831, 2938- 

PucclNlA PiMFisELLE {Strauss) Mart. (F+ My^rhis Schw.^ P* 
Osmorrhizit C. & F.* Ct^o^na Aftemonis Schw^p C» CAjitO- 
Sch\v,)H 

On Ciurrophytlum procmnbefts (L.) Crantz (Myrrhis procum- 
bvJis Spreng.), ll, HI, Pennsylvania, 2934. 

OJffiorr/ri^d Claytoni (Mich^c.) Qarke {Myrrhis Ctay^oni 
Mtchx,)j. II, Illp Pennsylvania, 2S4T. 

Osmorrhisa ap. (not An^^noHc Or Chrlidonimn), 11.^ Penn- 
sylvaniap 2829; IL HL New York, 2831. 
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PtJcciNiA MeKTH.^i Pers. (P, Pycfianthemi Schw+, iabia^ 

mrum Link, UredQ Clifiopi^dii Schw.). 

On Koellia vncana (L) Kuntze (Cfinopodmm incanum L.^ 
Pycn{inth£:vium incanum Michx,)^ II, North Caroling, 
Pennsylvania, III^ Pennsylvania, 3^0. 

PucciNiA VERRUCOSA (Schultx) Link (P. Hyssopi Schw.)- 

On Agastache scrophutarJ^otia (Willd,), Kuntze {Hyssi^pus 
scraphulari^foltus Willd.) Ill, Pennsylvania, ^44^ 

PucciNiA MACULOSA Schw, not Strauss {?JEddmm DanddionU 

Schw,)- 

Oa (?) Adopogt^ttr Dandelion (L,) Kuntze {Krigia Danddion 
Nutr.* Tragopogon Dmiddim L,_, Cynlhm Dandelion 
DCOj North Carolina, 2S6/a. 

AdapogoH virginkus (L.) Kuntze {Krigi^ mrgimca WiUd., 
Cynthia virginka D, I>on)> 111 ^ Pennsylvania, 

PucciNiA Xanthu Schw. 

On Xanfhium sp.^ Ill, North Carolina^ Pennsylvania, ^^7+ 

PuccisiA Veekonle Schw. (P. Schw, not Unk, P. langipes 

Lagerh.)- 

On Vemonia nozfcboracej^ (L,) Willd., Ill, Pennsylvania* 

^19- 

Fcmonia $p.^ Ill, North Carolina* jpj'p; III, PennsyL 
vania, ^26. 

PucciNiA Kuhnj^ Schw. 

On Kifhjiia eupatorioides L,h III, Pennsylvania, 

PucciKjA TENUIS (Schw.) Burr. (JEcidmm tenue Schw.* C^fOfB<^ 
tame Schw.). 

On £fi/»dlorifiifi ageratoidcs L,f,, Pennsylvania, 2889* 
PucciNiA HELiorsiDrs Schw. 

On Helhpsis sp.* III^ North Carolina, Pennsylvania, 2924. 
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PucciKiA Helianthi-mollis (Schw.) Arth. & Bisby (P. Helian- 
thi Schw.j F. Hdianth&rum Schw,, Mcidium Hdiattthi- 
moUis Schw., ^ 4 . hdianih^tinn Schw., A. trachdifotiatum 
Schw., CfTCHra hdiunth^ium Schw.j C. tracheltfdiaium 
Schw.). 

On HeHanthus motlU Lam., I, North Carolina, Pcnnsylvaniap 

Hdianthns iT(KhelufoIms Willd,, L Pennsylvania, 
Hctianthiis tuberosiis L., Ill, Pennsylvania, ^^3^ 
Helianihus Sp.r North Carolina, Pennsylvania, 

PucciNiA Vehresik-^ Schw. (^cidium V^rbisifut Schw.). 

On Verbesmor [Gcdd^fitatis (L.) Walt-], North Carolinai 
28/o; III, same, 

PucciNiA GNAPHALiATA (Schw'.) Arth. & Bisby (P. flirr^h'ftt Schw., 
JEcidium gn^iphatiQtum Schw,, Cffoma gnaphQtkflHm 
Schw.)* 

On Gf^Gphalium obtusifGUnm L. {G^ pohccphdtijn Michx,)* 
I, Pennsylvania, III^ same, ppjp. 

Pucci siA Cirsii Lasch (P, toj^ipositarum Link, p.p.)* 

On Cirdum aJlisslmant (L.) Spreng. (CfHrMJo/fi.sjffMWJ WIlHOf 
III, Pennsylvania, ^.?j, 

PucciN iA .Asti:his Duby (P. Asteris Schw., P. Hchnii Schw.). 

On cordifoliiis L., Ill, Pennsylvania, 2Q30, 

Aster pauicuhitis Lam., Ill, Pennsylvania, ^jo. 

Aster salkifolius Lam. Ill, Pennsylvania, 2^28. 

PuccisriA SiLPHii Schw. 

On Sitphium tnf alia turn L., III^ North Carolina, 

jEciDiuar Apocyni Schw. ■ti^«>c37iafMi™ Schw.j Cffoifia apocymh 

/niH Schw.). 

On Apocynum canttabinum L., I, North Carolina, 286s^ 
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viEciDIUM cimicifugatum Schw. (CtPonki dmici/Hgalrntt Schw.)- 

On Cimicifuga racemosa (L.)- Nutt., I, Pennsylvania, 28/6, 

Exclooed Names. 

The following names and numbers apply to forms that are not 

rusts, or if so are impossible of identiEcation. 

Cfouia (i/rerfo) rtmosum Link. 

On Sdrpiis lacustris L. ( 5 ", acutus Muhl.), New York, 28ig; 
no fungus present, probably mechanical injury. 

CfpHiu {Urede) Campamdarum Link (Uredo Cattipanuiic Schw.). 

On Spccfilaria pcrfoliata (L.) A. DC. {Campauvfa perfoliaia 
L., C. ajnpfejricatdis Michx.), North Carolina, PennsyJ- 
s^ania, 28^0; no specimen preserved, probably not a ruSL 

Cti:0ma (Uredo} Teucrii Schw. 

On rcwfriMHi canadaise L, (T. virginkutn L.), Pennsylvania, 
2887! ^ Hyphomycetous fungus, Ccrcoj^ora Tcucrii 
(Schw.) Arth. & Bisby (C. mcemosa E. & M.). 

CeroiHu (Uredo) ii/»icitfa^irtM Link (l/rcdo JfflJCu/ojrerMiw Alb, & 
Schw.). 

On various hosts. North Carolina, Pennsylvania, 2844; no speci¬ 
men preserved, and the name so loosely applied as to 
have no value. 

Caoma {Ured^f) Li/b^litr-curdinalii Schw, 

On Lobelia cardiaaiis L., Pennsylvania. 284S; a Hyphomycetous 
fungus, usually called Cercospora effusa (B, & C.) Ellis 
. & Ev. 

Citoma (Utedo) frrHqRcurit Schw, 

On an undetermined leguminous pfant, Pennsylvania, ^^50; 
some pathological condition, but no fungus present. 
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C^onia i^ctdium} rubethium Ui^ {Alddium Rurnkts Schw*). 

On Rumex "and Grossiilaria/" North Carolina, Pennsylvania, 
^86^; no specimen preserved, probably' young fungi im¬ 
perfects, certainly not a mst. 

Cii'Oina (^cidium) cQfWQlt/itlaiutn Schw- (^-Ecidiiitit I 
duran<p Schw.^ Schw,). 

On IpQJiura pandurata L., North Carolina, Pcnnsylvaniap ^866; 
not a nist, but one of tlie Peronosporales, Albugo Ipo^ 
mo^it-pafidurau^ (Scliw.) Swingle. 

Cceotna {^^cidium) asmundatum Schw. (JEcidium osmundatum 
Schw.). 

On Osmunda speciabitis Willd^, New York, not a rust^ 

but a fungus of uncertain affinity, Alyco^yrinx 0^fnuftd<£ 
Peek {Ustthgo Osmundcc Peck). 

CtFoma (JEcidium) urtkatmn Link {JEddium Asperifolii SchMf.)* 

On Cyfioglossum zdrginicum L. (C omphxkiSide Muhl.) and 
Ur {tea sp., North Carolina, ^8p8; no specimen preserved, 
very' doubtful, but certainly not a ru5t. 

Puccittia Bultaria Schw. not Link. 

On Agastache nepetoides^ (L.) Kuntze (Lophanthus nepdotdf^s 
Bentb,, Hyssopus nepcioides L.)+ Pennsylvania, ^9351 
no specimen in Pbiladdpbia, but one in Washington, 
not a rust, may be an a^iomycete. 


ChrOKOLOOICAL ENtlMEOATtOK, 

After the serial numbers the corresponding numbers from the 
Carolina list^ w^hen there are any, are given in parentheses. The 
Sch^veinitz name is followed by the name at present in use, or other 
identiheation. An original specimen at the Philadelphia .\cademy 
of Sciences is indicated w'hen in au autographic packet by an as¬ 
terisk when mounted by a dagger f. 
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1474 (130) Sp-ftdrWfl L.V.S. tpiphyth (Sdiw,) 

Diet 

*fi4jS7 - " L.V.S. =Pufcinici (Schw.) 

Laserh, 

- CiFoma {Urfdo} Rubl^o JJs, =Pucdnm pacutif&rmis (Jacq.) 

Wcrtst 


■fafiiS (464) 

44 

ftC 

Uc. =Fui^cmia cpiphyiJa {L.} 

•taSiO - 

■hi 

4 L 

Lk. = no fungus^ mechanical injury. 

•faeao - 

it 

«4 

^nd'rfl'^Djyi L.V.S, Ell & Et* 

naSsj - 

Ik 

44 

Iridh L.v.S. =Pucciwidi Iridis (DC.) Wallr* 

tsSa (471) 

1 . 

id 

Sittilotix Ev-Su =Pu:crrAid SmUads Schw. 

* 3 fl^( 46 »} 

4-1 

Ik 

L[i5^rnriini Lk. szPurciHtd Mcnihir Pers. 




IpatKiiff L.V+S4 = C^icoipi>rium (Sdiw.) 

Burr. 

•tafias (467) 

W 

■■ 

El^phoniffpaSj = Coicitiperium Elepiiaiitopodis 
L.t,S. (Ssiw.) ThutifL 

*f 3 & 3 & (472) 


jj 

^ff^iVP5inlirL,v.S- = Sdidagims 

(SchwO Thatti. 

afia? (473) 

44 

4 l 

^Cahospofium TsrtBinihina^ 
L.v.&r (Sdiw.) Artfc- 

•taSag - 

44 

■L 

L.v.Sr =Cohospi^n«m /fdi'onfAi 
(Sehw.) Arth. 

taSag - 

tJ 

U 

I_¥.S. =Pa^dnia Pimpmdis (Str.) 
Mart 

2630 (465) 


44 

^ uiicei^talii^ probably not a mst 
LL 

afiji (466) 

■ I 

U 

Owtf^ruruwi Lk. =pyci:in^ Pers- 

•taSja {463) 


a 

mimaiji Lk. = spid^so (Ffie$) ArtlL 

•aS33 - 



ruborum Uc =AiifAi!ro^c l/retfsnij (Liiik) 

ArtK. 

t3fi34 (461) 

44 

■1 

Fufeniff^^FiiniLk. = Frununrff (Sir.) Arth. 

•tafijS (463) 

4 J 

P 4 

ifJynmomV L-\%S. = FucdniastrHm A^moma 
(Schw.) Tranz. 

•taSjft - 

U 

M 

fiiicnm Lk. =Hyahpji}ra Aspidi^tus (Feck) 

Magn. 

ta637 - 

44 

!■ 

TcHcn'i L.V.S. =C^rcojpora Tittcrii (Sdtw,) 
Arth. ^ Bi&by, not a rust. 

tafijS (470) 

44 

■* 

..-Inaffj L.V.S, ^ Puiduiastrvm MyriilH 

(Schimu) Arth, 

(2839 (480) 

44 

P 4 

Ari vir(;mki 1= Ur&myt^j Cdadii (Schw.) 

L.V.S. FarL 

ta&io(So2) 

41 

44 

Spirmacocfs = L/ramyrrj Sp^rmacoses 

I-.V.S. (Schw.) M. A Curt 

(3841 - 

id 

41 

Charophylli = Patdma Pimpinditt (Str.) 

Mart. 

t 3842 - 


41 

Hyptrid L,v.S. = Uromycfs Hypmd-frortdosi 
(Schw.) Arth. 

taSiS (479) 

iM 

44 

Hfucktr^ L,T.Sr =Ptt€cimQ Heuchtra^ (SdtwJ 


Diet 
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2^44 (4f&) redo} iipkuiifsttnt Lk, = uncertain» name of no value. 

(477^50)“* ** ajfr^rurfiViff*ju m ^(Jy^inyces apf^ 4 ^*jdi£^vhiM 3 r 

Lk. (Pers.) Fries. 

*taft 46 { 43 ^ 474 )" Lk pro^miHfns (DC) 


5 S 4 ? (4?^) 

t3848 - 

t5S4<> - 

t3fi50 - 
f^!351 “ 


Pass. 

^ Laguniini^sarum = Ur^mytes Fabir (FetsO De^ 
Lk. Bary. 

" Lsbili^ carSi-=Ctri‘€spora effusa (B.-(t C.) 

PE£]/if L.v.5^ FII- & Ev.p not a ru5t 

“ Thalkiri L,v.Sr ^Faiyihtlis Thalkiri (Chev.) 

Arth, 

** ^rupcnfuni LrvS. = unccrfeijn. Hot a fnngos. 

^ ChfUdonit L,v.S, =Pi«:<riPE(a Pi»ipjiifNif (Str.) 


Man. 


3054 


*12055 

■t 2856 

t3857 


'' “ ^yi-ojMw Lk. =uncenain^ may bo Fhragmid- 

tuppi tiPEifiiPij^ Anil. 

" O'ifiwifrjVHm Lie. —M^tampiitro Aledusir Tbuiiu 

*' '' r/p|f/tftn Lk. = A/^iai^l/^J^^P^f Thurn, 

" (jEcirfruwi) C^JPis^aWnna-sPiErrEVpa Ma/tffilAtf ( Schum,) 

^utrz Lk. Arth, HoIw, 


faSsfi US 3 ) " 

tiSsg { 453 ) " 

t2S6o (457) " 

*t 206 i « 

26^2 (433^ " 

t2063 (430) 

*2064 <449) “ 

^2865 (440) " 

H 3 S 66 (45^) 

*2867 ( 434 ) " 


“ 6 ^tv/arlcifu»i =PMmnio (Schum.) 

L.v.S. Anh. £: Holw. 

" Sfnf^ofiJialu^ Stailaets Schw. 

L.V.S. 

Aroidatumh.vf.S.^ Uromycts Cahdti (Soliw.) 
FarL 

" DFacoHfi6ntiii£m = Uromya^s CuhdH (Scliw.) 
L,y,S^ Farl 

“ nr^f/ZdlHm Lkr =vnct!ta 3 n, not a rust 
" Lyjlinur^iutiiiq =PKmJtEO ^yjiwiofftlfffa (Link) 
Lk. Kem. 

" FcPi^ji^ffiopira- =PMcetFua .^pnfro^fl^snif Schw^ 

ium L.v.S. 

Apocynaium =^tidium apiitynaiunt Schw. 
L.V.S. 

^ Atbugo Ipo»^^-p^^diiranit 
Lv-S* (Schw,) Swindle, not a rust, 

'a = unoertain, may be PurtiKiff 
" tTuPiip^pjifaPTini^ Schw. 

Lk. I ^ = Futcima Eifocharidu Artti. 


t28(» - 

“ Hkrechfum 

= Puccmla Aicrdridld (Schw.) 


L.V.S. 

Arth. & Bisby. 

+2869 ■- 

'■ ^nVereflafum 

= Pactinm Att^rum (Schw,) 


L.V.S. 

Kem. 

r 3870 (444446)“ 

'* Asicrafum'L.vS. 

i=Pvm«Mi ^^jfjruppi (Schw^) 
Kern. 

1 3870 (445) “ 

^ ..^jlcrdtufR Lv-S^ 

= PiicAnin KSebw. 
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taS?! (4S0.> 
*12872 - 

2574 (+I 7 > 

t28?5 {+|o) 
t 2876 - 
12877 - 

2 5 7 5 - 

f2fi7g<443) 

t28eo(447> 
+2881 (437) 
t 2 ^ " 
•155883 to) 

f 3«84 < 439 ) 

•t388s - 

f59S8li - 

•t28S7 <458) 
*t 2 S 8 S (433) 

taSSg - 
taftpo [4ssJ 

•t 28 !>l - 

n2S93 - 

f28S3 - 

•t 28 w - 

ts8!)5 - 


CaOma i^etdinm) Hflian- 
LvV-S- 

L.V.S. 

** ^ G nap kaits^ tint 

L.v.S. 

CifmaiitatMtn 

L.V.S. 

“ " kamn€«iaciaium 

fir 

“ “ Cjmin'/u^arum 

L.v^S= 

“ Hibisciatiim 

L,v,Sr 

“ ” Hepattsaitint 

L.V.S, 
Lk. : 

** Impati^ntQfum 

N 44 

Lk 

“ ffri^f^uk^natHm - 

Lk. 

" “ HSp^ncaium i 

L,y.S, 

“ FwhiMm Lk, = 

“ “ ^^ifafdfjfrn L,v^S.- 

" ^ safftiiaium L,y,S, = 

“ L,v.S. = 

P&dopkyitatunt - 
L,v.S. 

” tifrtiif Lv,S. = 

" ^ Evpfuyrbi^-hypfr^ = 

irt/o/«r L»v.S. 

Lv.S- 

L,y,S. 

Fyrolstum L.v, 3 .:^ 

^ ** fH^-nVfflKw L,y,S. = 

** ” Osmundaiurn = 

Lv.S. 


= FKm»iii] Httianfki-maUij 
(Scbw.) Aftk & Bi^by. 

= Fti^cinta Hfliunthi-moUis 
(Schw*) Arthr & Bl&by, 
^PuiCiiniti gnaphaiiata (Sthw*} 
Artb, Bisby. 

CUmaiidis (DC) 

Lsgcrb. 

Pstc^iitia Eatonio! Arth, 

iimUifugetum Scbw^ 

^Pufdttm kihhciaia (Schw.) 
Kellerm. 

sTransschtiia pumtoia (Ppr^,) 
Arth. 

sFiir^iflid Pi^tyg^ni-ampkibu 

Pers. 

:iPucdHfa impaiitHliS (Sehw.) 
Arth, 

-Puccima pocuEfortiih (JacQ.) 
Wettst. 

-Putrinfa Gr&SiUlartw (SchuifU^ 
Lagerh. 

; LVawiyMj Hyprrtd-frottihsi 
(Schw.) Arth, 

Pticdma yiahsr (Schimu) DC. 
Uromyc^s p^dalaiu^ (Schw.) 
Sheldi:]in4 

--Ur&my^fv pidaiaiuj (Schw.) 
Sheldon. 

iUrcmyces padafatuj (Schiv*) 
Sheldon. 

iKattkelta mftnj (Schw+) Artk 
^Fuednia Pcdaphyili Schw. 

.PtitfTnla i'eiiijir (Schw.) Burr. 
Ur^myc^S pratmi>i^Nz (DC) 
Pass. 

: Urf^my^tt kouji&ntuiui 

XSchwn) Sheldon. 

Pnednia clayUnhta (Sdiw,) 
Pedc 

Alehmpj^r^fpd^ Fyrclk (DC) 
Arth. 

Cynmo^pgrangiuTK myritaium 
(Schiy,) Froinrne. 
Afycoiyrinx Osmundit Pccfc, 
not a mat 
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t 28 g 6 - CsTCMia P^ralata ■ 

L.VrS- 


*T 3097 (44 0 

28 $S( 4 a&> 
*i 2&99 ( 4 S 3 ) 


(43 0 

t^^oi (430J 


“ jdiif&UCtalUtH : 

L.V,S. 

Uriicatum LIl : 
{RitJtdia} CyUndritcs-. 

Ul 3 

^3 = 
y - 

a 

Rxrjtelit^S Lk, 

“ Frii^Hiie^s Li-v^S 


Ij: 


*\ 2 goa - 

kR 

L,v.S, 

t2903 (456) 

iR 

(Pffirf^rmiKWj) PiPi^MHi 

Lk, 

+3904 - 


" gtrminah L,v.S- 

*2905 (402) Lk, 

•2906 - 


itriola Lk, 

*3gti7 (4®7) 

“ 

Arundtn^^riff L.v.S, 

*3908 - 

^4 

punctutii Lk, 

*2909 - 

»R 

Sd^pi Lk, 

•3910 - 

Rl 

Siffghi L.v,S, 

•391( - 

RR 

Andfppitgi L,v.S, 

•3912 - 

44 

f LlV.S, 

*3913 - 

H 

Jursd L.v.S^ 

•3914 - 

II 

FPfncT^i^riV L.V.5, 

•391s - 

R4 

ZijtfKiff L.v,S. 

2916 - 

+f 

,S'ff(lEi:jciJ L.V.S. 

•290 - 

II 

Pi>Fy^£Mn*nifH Lk, 

•2918 - 

44 

ffln«MfnVii LrV+S, 

•2919 (SOI) 

It 

ZtuNalo L,v.S, 

3920 - 

li 

Pycnsnik^mt L.v.S, 

•agcJl - 

4J 

iomppdierum Lk, 

agas - 

JJ 

[L%v,S- not] 
StrauS! 

2923 (495) 

" 

//fnaflfAfirMtH L,v,S^ 


Jumperi- 

inland Sckw^ 

JJffHiibiiti (SchWri 

Arth. 

iincert^ifi 7 not ^ mst- 
FarL 

1 hyaiinum (Cooke) Kem. 
** fradiy^orum Keui, 

Jumpi^ri-vifginianff Sctiw. 

Schw- 

Fart 

Pu€tbii& frajTfnaia (Link) 
ArtiL 

Gymngspiffonffiitm 

(Schw.) Kcm. 

'Cnmarim « Qu^r^us ( Brond.) 

Schrot* 

Ff^ridtttftiutn hitetmtdiuiA 

Arth, & Kem, 
Gymn^Sporan^um ^^^rminaU 
(Sci*w.) Kem, 

= PiifjfId pocvlif^t'Hi ts { Jac(i.) 

Wctt?t in part 
= t/i'fliflyfej / unci-ffftisi Syd, 

— pti^dma Arundinariit Schitf, 

i Pui^dnia Gr^ssultm^ 
(Sckuin.) Lagcrh, 
Fiimiitifl angtistata Peek, 
PKcanId app^Mjfa^a Peck. 

^ Pucdtiinl Sorghi Scbw, 

= PifCiftwKi Andropc^onis &chw, 

= PuffiJ^ra Sctiw, 

= E/ropwj'ffj Jund-fffud Syd, 

= Pu^dn(a iVineLsoruf Sohw, 

= Pijffinia ScBw. 

= Pucdnta Stniiads Schw^^ 

= Pucdma Fdygi>ni-^«tphibU 
Pers, 

= Pii^dnta Pdygiiiti^mphi^it 
Pers, 

“PffffiFiM PfFTTOJllJ SchWr 

“Pucfinia Mcnihis Ptrs, 
“Pjiirdriiii Cirm LasctL 
^PucdAta mafuld^ Schw, 

“PiifriMifl Hdianfhi^wiotits 

(Scbflf,) Anh, & Eisby, 
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{403) HeHof^ddh L.v.S, 

^5 “ Pfr^fjiPfDf L-v.S, 

*2936 - Vfm^nm I^v.S. 

*2027 {500) Xmikii Uv.S. 

*39^ - « HtU«iih,v.S. 

*3939 - " SmnL^.S. 

*3930 - ^ Ast^rfi UvS. 

*3931 » Kukm^ L.V.S. 

3933 - ih^^itita L.v.S. 

29J3 (49£k) “ Gulii L,vSr 

*2934 ^ ^fyr^h^s L,t,S. 

2933 - " BuUarm [L.v.S, not] Lk, 

393$ - " Lfe, 

3937 f4&5) ^ ^Qlida L.v,S. 

• 393 S{ 49 i) CiVfM U, 

3939 (489) “ uru/^dld Uv.S. 

(497) '* j^rdrupiE^irntif 

Uv.S. 

394 ^ (49SJ “ “ vi&tac^^ L,v.S. 

3942 - “ Pha^^itli trihti L.v.S. 

2943 - Fahiir Ur. 

*3944 - ^ HyjjQpi Uv.S. 

3945 - Pot^nfUia Uv.S. 

*2946 ^ ^ ^ri iriphytH Uv.S. 

35M7 fjOj) Pkrngmidium Htdy^ari Uv.S, 

+J0S4 - S^iridlum marginnium tUv,S. 

not} Lk. 

3085 - “ S(iimilath Uv.S. 

tjoo4 - Cymnojptfrangtum lunip^ri 

Lk, 

tjoos - Pffduoma Jmtipsri Lk 

+3096 {504) ^ macropui Uv.S. 


= Fuccmia HdiopttdU Schw, 

= PwcfiJti£i FcrbfSittii^ Schw- 

^Puecinm Fenwnia Schw. 
^Puirdnig Xanihii Schiv. 

^ Pmtdnm Adtris Duby. 

— Putcinia SilpMw Schw. 

= Pucduia AsteAi Duby. 
=:Fifr«Piio Kaktii^ Schw. 

gnapkAiista (Scbw,) 
Arth. A: Bisb^', 

= Piffffifid punf£Qt& Link 
^PwcciMifl Pimpindtit {Sir.) 
Mart. 

= uncertain f not 3 rult 
^ Folythdh fujca (Ptrs,) Arth. 
^Puccinm Avtfmonfs^^rginuma 
Schw, 

= P*fffjppw CiVfdw Pers, 

=PHffTPEra PodaphyUi Schw. 

= Ummycfs Ltsped^~^~pri}iKm- 
h^nia (Sdiw,) M. A. Curt, 
= Uri^myifs Lt^spediTZiF-pti^tMm- 
bftfiU (Schw.) ^L A- Curt 
= Uramycfs appetidicuiaiiis 
(PcTS.) Fries. 

^Ur^mycfs Pabs (Pers,) Dc- 
Bary. 

v^rru^&sa {Schultz) 

Link 

= Frcmmta Qb$uia (Strands) 
Arthn 

= Ur<fmy€es Caladii (ScbWp) 

FarL 

Urcmyt£‘j H^dysan-panuuiad 
( Sdiw.) FarL 

= Eartca spedoja (Frits) Arth. 

= EarUa jp^daia {Fries) Arth. 

= Gymno-TporangiMm germtnaU^ 
(Schw.) Kem. 

= Gyntn^^j^^rapr^iMMi d^jvariir- 
formt <Jacq.) DC 
~ Gymnojpi}rajfgium Junipin- 
vlrginmn^ Schw, 
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Imjex to Ho^ts 

Cohdiuni 

jsffittlfclium ^39 


ap. 3^70 
Adifpi>3f^n 

DandeiiQn 2S67 

A^astache 

ncpctmdis s&SS 
scraphuhrifffiiiius 2944 
Affrimonia 
Rup^J^oria 
parviflofa 2835 

5p. 38^ 

Amiri^poffort 

mf£ttae£Hm 2^20 
jcrd^artuf 2giin ^15 
virginifus 3915 
sp, 3B85 

Htpalfca aSyS 
Quiitgti^foita 3829r ^3^ 
tnr^tiEraptd 3937 

ranJ4?&inUffi 3863 

DracQftlfitm 2861 
tnphyUum 2^416 
y 4 f' 43 nia 

Botryapiuvi ^Q02 
Aru Prt 

3 @ 6 i 

inphydum 39-16 
iiVj/iMtVtfm 3S39. :^6c» 
^runf^iM^irtd 
sp. 35107 
Aipidiam 

cbitijum 2336 
Aster 

3930 

^irrVu/atU^ 2870, 29Jf» 
2p2S 

ap. 2^ 

A^a^^'‘ii 

nudtfiora 2S33 

Berbers 

eanadeJiAs 2S8[ 
V^tffans afiSj 


ainple:ncaiiii\$ 3830 
perfoHatQ 2830 
C&rex 

sp, 2882, 2897, 3905, 2908 
Ck^xTii^phyUMm 

praCttmbrns 2934 
sp, 2S41 
Cham^ecyPaAs 
thy aides 2894 
Cham^syn 

2S46 

PresSli 2844 2890 
CAr/f^piiupn 
sp, 5fS5I 
Cinikifuga 

raccmQSQ 2876 
Clrctra 

cattadenAx 2S31+ 2938 
CiTiinppi 

jjJ’ffjJimNiN 2921 
Ciaytontu 

tnrginka 2S93 

3874 

CUnQpodtitm 

[Pir^irnm 2823 

GiiVhj 

sithAmvj 3921 

^onEfvra^Ei 2866 
(Trtffffl 

virgtniana 1474 
CraleEgtu 

arbi>rfseens 2899 ^ 
2S99lf 

punciata 2899 Cl 

piAdis 2899^ 

5p. 2904 

fimpkjncouk 2898 
Cy PI thi^ 

Pand^tkn 3867 
^VgijriVo 2867, 2923 
Cyprriis 
5 p. 14^7 
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2S6 


Destncdium 

pniiiculaittm 2947 
Diodi 0 

teret 3840 

Eicphamopnj 

iifmeniosuj 2^25 

Elymuj 
sp. :^8So 
Erifftroft 

crrfnuuf 2669 
hcUrophyitu^ 5S69 
Evpotorium 

a^erat^yidtif 28S9 
maculalum ^ 6 "^ 
purpurcum 3667 
sp. 2844 
Euphorbia 

hyp^ndfi?!ia 2&po 
inary/afa 2846 
Prf j/ii 2846^ 2S9Q 

Fr^Ttn uj 

sp, 2901 
Gaitga 

virfftnuina 1474 
Gatiu m 

purpurtunt 2933 
G^rantum 

i^aroimianum 2879 
maculatUfK 2S79 

obiu^fcliitm 2873 
t^lycepkalum aS^jn 2932 
Grcs^ularin 

oxy^iconthoidrs 2882 
toiundlfoiia 2882 
«p. 2S62 

Hedyiarum 

panlcutninm 2947 
Hthmum 

□iirujfiji^ff 3928 
Hetfgnthus 
giganUm 
m&Uij 3^1 

tra^helifoliui 2872 


H^Umlksis 

tuhirQsuj 3923 
sp. 2936 
Helhpsit 
59.2924 
Htp^tfta 

H^p^tka 287S 
fn/tffra 287S 
Hcuchtm 

amificana 2843 
villom 2&43 
Hibhcui 

militarii 2877 
HUrgci^m 

firaru/alMHi a86S 
pmuculafum 2868 
sp. 2g[22 
Housicni^ 

carruha 28^1 

frottdojum 2SS3 
2883 

sp. ^142 

/ mpnticfss 

btfiora afiSo 
wmcuiai^ 2880 

/p^lrra'a' 

pQ>f^HA'£r/ra 3824, 3866 

2824 

iri4 

pfrjtfd/pr sSai 
cir^miVa 2821 

Junauj 

fffvsuj 2906, 2913 
Jumpfrus 

comnmnU 3095 
Sabinti 3095 
svV^iHKffffd 2899, 3094 

iffcana 2823 
Erigia 

Dandeliiiji 2867 
virginica 2867^ 2922 


PHix:. AHEh. PHIL, sac.H \?cHu Lvii, T, JuJy a*K 19rS, 
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Kuhnia 

^uffGtorii^ides 
Sp. 2^4^ 

hirta 2941 
fi&lyjtachya 2^^! 
procumbenj 
W/drfa 2941 
Lobdia 

irardinaUs 2^43 
LopfwnlfiUi 

vfpftoidts 29^35 
Lysimfiihui 

qwdrifdia 2S63 

fffCf fFT^jd 2863 

J^^lVto 2S63 
imestris sSfij 

J/dJui 

iTor^Harf^ 2fi96 
A/d?wj aiS99 ®h 39M 
Mdbomia 

panintlala 2547 
Mifffia 

sp, 29C^ 

sp. 5S77 
AfunVdtiefd 

i7r£ire;nfiwiw 2B6l 
A/>Tffa 

firri/ffa 2S94 
3f>'F*rAif 

Chyltitii 2841 
prGtvtnbfM^ 2934 

CJjjnarfftiM 

Ciay^d»i 2341 
$:p. 2329, 2831 
O^tnunda 

sptdabitis 2893 
Oj’diiJ 

sp. 2910 

FdAlVKif?! 

2912 


FdtGtidra 

virstnka 2839, 2860 

Pentjtan&H 

auilralis 2S64 
ArVfif/uj 2864 
Phataris 
sp. 2857 

I'u/^drii 2S45 
sp, 2844 
Fhegopt^ris 

Dryopieris 2836 
Pmus 

2903 
ip. 2903 
PwMrrr 

2845 

Pad 

2914 

2648 

qmnifUtdfniafa 2914 
quinquifida 29 t 4 

2914 

Podophyllum 

pdioluTji 2383 ^ 2939 

29^8 

cmcrsum 2918 
pemjyiviirncurrt 2917 
^•i>PIhiVhj>» 2917, 2918 
Fopulv^ 

dihiaSa 2855 
pGiffniilla 

i-anadisnsis 2834^ 2943 
Prinanikes 

sp, 2S67. 2922 

Pyntarifhemum 
fpE^raJi^uffl 2920 
Pyroh 

rofundifdta 2893 
2S93 

Pyrus 

migustifoUo 2S96 
r^TroHariff 2896^ ^99® 

29™ 

Malus 2899 29W 


PAPERS GlVmG RUSTS OF NORTH AMERIC.4. 


Rattunculurj 

nhifrtivHZ S875 

Qxyuccniheidts 3 £ 3 l 2 
TQiundifGiium jzS&s 
Rcm 

rfiruh'fla aSj?, 3084 
corymbosa 3qSj 
paudfi^m 5832, 3034 
virsinianA 30S5 
Rubus 

Eiultitii 2IS7 

2^833, 2B34 

sfn^osuj aS33, 2887 
trfV/ojwj 2887 
Rutitejt 

ip. 2B62 

Satix 

ni^ra :28|6 

raflod^pf ju 2807 
Sdrptij 
acvtui 

390S, 200 ^ 
iacutlrij sSlf) 

Sieff^^be^kh 
ap. 2S70, 5^5 
Silphtum 

itrMntkinaffum 2827 
trifaliijiHm 25^29 
SUyriitchmm 
5 p. 2891 
Smiiadna , 

^857 

^nifVojT 

fodiira 3085 

rafu^di/d/jg 3S22, 2916 

aiiujijwo 2826 
2826 

j^w^rt^Vruj 2836 
$p. 2870 

5 'Or^^fl'jfrtiffi 
n»f^nj 2820 
SGrghnm 
Sp. 2910 


^S 7 

Spartina 
ip. 3901 
Spfcuhrta 

2830 

dicdina 5S40 

StrcphGjiyhs 

3942 

T ^phroda 

vir^mtano 1474 + 

T tuertum 

viV^niVfrm 3837 
ThoHiTirtim 

C^muH 2849 
^oA'^amuin 2849 

Tif^-ionp 

t^Vj^iitiano 2917 
TragQp^g^^n 

DaftddwA 28^7 
Tfidfuj 

fiaim j 3914 

TriiifUMtt. 

vutffar^ 2817, 3905 

UrHua 

$P, 2898 

^fr/i?^wfcr 2858 

Va^Hfra 

rac^iH&m 3S57 

£prrid^PifoJii 3870 
sp. 2925 
PifrsoMf^ 

iiov#^c>rff^fiij£r 282$, 3919 
2926 

FiVia 

Foftfl 2847, 3943 
Vioh 

trii^rnNola 2884 
haitala 2S84 
o^/ri^o 3884 
p^dnia 261^ 
primutii^folia 2684 
4 ^^iiiaiQ 3885 
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Zea 

jl/ayj 3^10 
sp. 2911 

Index to Fuk-Gl 


(Fcb) 

quini^iudfntafa 39 ^ 

Xanihmm 

sp. ^ 

JEcidijim 

apocynafvm 2865 

2S65 
386 d 

Aipmfolii 2808 
Afr^rr^ifum 3870 
Aslirnm 2870 
Berbtrtdu 3881 
C^siadH 3860 
‘mnc^thium 2900 
cmicifugaium 2876 

ehmatiialum 2874 
CUtttaliHs 2S74 

2866 

Cr'iititffi axycanlhs 2899 
Dcndf Hants 286/ 
dntcafiiii^ftaittm 3S61 
erig^raKtiium 2869 
EMphorbii^ 2890 
Eupharbi£r~hypfricifaHT 2890 

Fr^ni a^Oi 

CfirrsrffiVrffdfv/4}fj 2S79 
ffnaphalilnium 2S73 
kdianthafitm 2871 
Hetmtihi-mollis 33 > 7 i 
Af^a/iVdruin 2878 
AlVrJ^ld/vjn 28^ 

Ai^tJCid/ttm 2877 
2S9I 

hypcritatnm 2883 
Hypcrtci-fnmdosi 2883 

lifflpdhVAla/uni 2880 
Impati^nfis 2S80 

2fil66 

/MffimafMm 2S87 
2863 

ix^ynVaiujin 2S94 
nitens 2086 
djPifiiJTc/a^um 2893 
pedataium 3883 

3864 


^ddiurn 

H 

petiisicmoniotum 3864 
Pmi 2903 

podophyllafum 2888 
Podapkylii 2£88v 2939 
Pf enaitihiS 3S(J7 
2S96 
3893 

qaodrifidvm 3878 
i?ciPiH»cK/i 3875 
Eumkis 2863 
sagittaium 2886 
Sam&ufi 2897 
jdJirfriifTfd/um 2897 
rmilatinulum 2859 
2859 

Sgliiaginii 2870 
2SB9 

inxtkeiifoliatum 2073 

UtmlarvfF 38^ 
i4t-bl47n'fffHrn 2858 
VerbsstHw 3870 
388^ 

j^ibngo 

Ipomiris~panduran^t 2866 

apocynalum 2$63 
ardiildruni 2860 
ailstatum 3870 
berbstidatHm 2fiSr 
dniidfugatum 2S76 
r/<(3yfD»ia^iJ« 3892 
okmafitafvm 2874 
campoiitarum aPn^nanihis 2867 
^ Eupatoria 2867 
ccnvallarialuttt 2857 
rdJTVd/tru/arutti 2065 
^rdfdn/idfld/ujn 2861 
erigeranaium 2869 
Eupkorbi^-hypcridfoliie 2S90 
^frdiimfuPK 2879 
gnaphaHatuta 2873 
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28 ^ 


Chroma 

groii»tanainm 28S2 
h^tiantfiatum 2S71 
hrpaiicatum 287^ 

2877 

286S 

hyptn^ratum 28S3 
Hyptrieonttn 2S42 
impatUniaium 2sBSa 
iuminafum 2887 
{yjimnchiatum 2863 

28^ 

^tfiiiindatam 2S95 
p^datatum 2S83 
pcHfjitmontaium 2864 
podophylhium 2888 
pyraiMm 3 Sg 6 
pyri?IaiKm 

ranuncvhcettinw 2875 
rubfIhtKm 2862 
2836 

jpm&ufiafufPf 23;>7 
2859 

2889 

irafhfiifoftatum 2872 
MUfiViffruM 289S 
uvM^^nfiJuni 2S58 
viohtum 2884 
Cwoma (Ptrid^rmium) 
fffrminaU 2904 
Pintum 2903 

batryapst^f 2902 
cylindfii^s aSgg 

CraiiF^^bifrfjift^Us 2@99 
a Craiitg{^psin^i<ji^ 28^ 
9 Afd/i 2S99 
yOjtyatanfk^ 2893 
fraxinti^rj 2901 
ra-jfiUtfj 2 goo 
C<Fcma iUr^dQ) 

^ndrppoffi 2&30 
An^manls 2829 
Affritniftw 28j 5 
a^f£:iH/pj»tn 2844 
appendiatlcmm 2B43 
2S39 

Asalcx 2838 


Ct^oma {Urcdo} 

^ruFtn^hm 2B50 
Cpjvf^aafK/drttiii 2830 
ChitTOphylii 21341 
Chchdi^ttii 2851 
0'/iiidftVMF« 2835 
Mti!^p)tQntirpfidtJ 2S25 
€piitUTti 2856 
PilicHtn 2836 
gyrosum ^34 
Heiianfhi 2828 
Hfvcfi^rs 2843 
Hyperin 284^ 

IpantM 2824 
lAdij 2821 

fdAtdfdmm 

2S47 

ItH^ans 2818 
Lobtiitt^tXMrdinafh 2848 
iTiritid^a 2832 

OFiP^rpr»ffi 2831 

fi/icr/ti m 2434 

pHif^iuosum 2S46 
rfitiajicm 2S19 
mbiifQ 2817 

rtihifrum 2833 

Sutiiatis 2ftiw 
SoHda^inh 2826 
Spcrma(i?cfi 2840 
Tcrtbrnlkimscea 2827 
Tcumi 2837 
ThalUiwi 2849 
(Cp-PiwaJ 
boiryapttes 2902 
fraxinitrj 2901 
Cercosp&ra 
cffusn 2S48 
rac^mQSG 2837 
Tcurrti 2837 
Chrysctnyxa 
Pyr^t^ 2893 
U&Uffsponvm 

EUphanfopvdit 2823 
HcEanthi 2828 

ipOtHiHiB ^24 

Sotidaffinh 2826 
T-^nbinthinaa^ir 2827 
Fffndntr 2826 
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CfonartiHm 

Qutrcus 29OJ 

EarlrH 

35833, 3084, 3085 

Fromm fa 

Cyitinofonia 

itiUrsiitialis 3^7 
Gymnospi^rangiu m 
boiiyopitfs 3902 
Clavonirformf 3095 
fhvipct 3904, 3094 
EUtrii 2894 
Sfrmmalf 2904. 3O04 

AvaJtn«N-i 2899 
Jititifim 3094 

iujTi'yt^rf-vir^'nuner 28961 sSg^, 
2gon,3n56 
iH^nVafuiti 2894 
2899 

Hyahptora 

Aspi 4 ioit»j ^36 

2834 

Urfdmis 2833 
3687 

Meiampjora 

Btffflowii 2856 
McdvjiF 2855 
M tiampjorffpsh 
Pyroifp 2893 
Mycosyfinx 

Osmimda: 2895 

Pcndfrmium 

tfTfbrttm 2903 
ffcrntinaU 2904 
iKtfrtMfdium 3903 

2833 

Mfdysari 3947 


Phra^midium 

iHiiVflKTj 2834 

PotfntiUa’fartadensis 2834 2945 
jpcciosutn 2832, 3084 
Fodhama 

Jumpfri 3095 
fnafrffpus 3096 
Pftfyihtlu 

Thalktri 2849 

afutraia 2939 
Affr1:^pyri 2874 
Andropo&i 2911 
AiidropCpOrtis 2864, 2911, 2915 
2936 

Anfmoncs^irgirtiana 3937 
ppi^iij^a^a 2909 
AriAnphyBi 2946 
//rMwrfiMffn'jT 3907 
Asifris 2928, 3930 
■^tiruJartiT Fats 3817 
Sirlhymm 2^7 
buHaria 2935 
biiUaia 2919, 2926 

famUmhia 1487 

CarictJ^Aximj 2870 
Caricis^Erifferon tis 2S69 
Candj-SoUdaginu 2870 
CirciFtE 3831^ 2938 
Cirsii 2921 

28^ 

2921 

tonxfntrica 291S 

3375 

Ekocharidij 2S67 
rppfprff/afa 2912 
cpiphyEa 3818 
fxteniicota 2869^ 2870 
PabiT 2943 
fraxinaia 2901 
2933 

gKaphatkita 2873, 3932 
grammh aSrj^ ^1, 3305 
Grifsmhrm z88z 
Hfdyjari^panicMhfi 2947 
HfkHii 2^ 

Hdianihi 287^ 3923 
HdioRihkmoliis 2871, 287s 
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HirSiiinfh^ruTK 

hfbhd&i<i 2fi77 
2R44 

Hysf^pi 2^ 

^ luipaticniii 263 a 
cPfr^j^iVa 2673. 

IfitiU 2S31 
Jmid £$13 
Kri^ii^ 2S67 
KuhntiT 2931 

Lispcd^sir~po{yj(achya 2541 
Lispedf:ia-procumbfntis 29140 
L^spedYsa-vio!acta 2941 
2663 

iysimdchiala 236^ 
morirrici^a 29122 
Mftjanihs 2857 
Metifha 2623, 2920 
M^himbir^iisr 2B77 
i\fyrrhis 3^34 

Osmorrhha ^2^ 2841, 3851 
pairuilU 3868 
sSSo 

Pkasfoli^fihbi 31)42 
FimpimU ^ 2829, 3 & 4 iy 2851, 2934 
Foamm 2818 

posutifarmii 28[7p 288[, 2905 

FodffpkyUi 2833, 2939 

F^fygifm-^imphibi* 2879,2917,2918 

Foiygoni-pttisihamci 2917 

Fotyffon^yrum 2917 

FoUniWa 2945 

Frutti-j'pijiOJif 2S78 

putii'iuia 2933 

puncium 2908 

FycHantktmi 292a 

Sambv^ 3897 

Scirpi 5909 

Silphu 3939 

Smilads 2833p 3839^ 3916 
Siylidu 3937 
Sorffki 3910 
Spermaa}Cfs 2840 
jtrioia 2906 
ifttah 2889 
Tkalidn ^^9 
Fcrbeiin^ 2925 


Pitffpnwi 

^^FJifFtiur 2919^ 3926 
verrucosa 3944 
Vwlsmi 
virffata 283& 

2914 

Xanthii 2927 
3915 

FMffiJifeLf/nim 

2835 

CiVfertf 2831 

2838 

Myrtilii 2838 

ipiphylla 1474 

Seiridium 

marffitiatvm 3084 
Smihcts 30S5 
Spkaria 

cartalicuhla 1487 
iptphyNa 1474 

TranssckcUa 

puncfaia 

Ur^da 

AltkftniUir ^ 2634 
appendkuhm 2845 
Cahdii 2839 

2S30 

Cfrcars 3831 
CiiuoPodii 28^ 
Efepkantopodis 3825 
Eiipkorbla 2846 " 
finjcuiosorum 2644 
Hcuchtris 2S4J 
IpomxFit 2824 
liiicarir 2818 
jwfjflfltfl 2S3S 
R'<^/<r 2835 
stufcUala 284^ 
Smlads 2822 
SoEdoginu 2826 
T^^brnthinacta 2827 
Ftrttf 2847 


Uromyc^j 

Andropoffonii 2885 
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^p^endiculaiHS : 2 i 845 h 
Caladii 2860^ 2861, 
Fata 2S4?f 2943 
Hfdysari-poniculaii 2947 
AcMj/om'p/iiJ 2891 

Hyp^rid-frondoji 2842, 2883 
Jund-effu^ 2Qo6^ 2913 

Pltu>ue UKTTEitsmr, 
Lafayette^ Indiana. 


Uromyw 

L^iptd^£^i-pro£umbeniu 2940 , 
2941 

pedaiatuj 2884 2885. 2®86 
^ru?»i*w/irj 2846, 2890 
Spcrmacocei 2840 

OsfKitnda 289^ 


A STUDY OF SOilE AST LARVJE. WITH A CONSIDERA¬ 
TION OF THE ORIGIN AND MEANING OF THE 
SOCIAL HABIT AMONG INSECTS." 

A 

By william MORTON WHEELER, 

(Read Afrit fff, 

The care lavished by ants on their brood h 3 ntatter of such fre¬ 
quent and easy observation that it has always exetied wonder and 
comment. When a colony is disturbed at the height of the breeding 
season the brood is at once seiicd and carried to a place of safety, 
and when more closely observed in artificial nests the behavior of 
the workers is seen to be very largely a constant round of the four 
different activities of feeding, licking, transporting and defending the 
young. Swammerdam says in that wonderful volume, the " Biblia 
Natune** (173;-'738) : “ Incredible et cura Formicae educant 

sumrnamque dam opertim, ne vel tanlillum quod spectet eorum Ver- 
miculofuni educationcm atque nutriliDnem omittant”_^'with in¬ 

credible affection and care the ants bring up their vcrmtculcs and 
omit not the least thing appertaining to their education and nurture." 
He intentionally uses tlie word from the verb irr^ur, to 

express his belief that love or affection impels the ant to care for 
her ^oung, since there is no Latin equivalent for a term W'hich to 
the Greek meant the affection of the members of a human family 
for one another as distinguished from other forms of '* tender 
feeling.'"* And observers since Swammerdam seem uniformly to 
have agreed with him. though more modem writers often use such 
temis as "care of the brood" as more suited to the present colorless 
and noncommittal stage of natural history. 

Now it must be conceded that Swammerdam's statement calls 

* Contritraiions from the Entomologfcal Laboratory of the Bttssev Insti¬ 
tution, Hanard Univefiity. No. 14T. ^ 

* Plato in the “Laws," 754B, uses the verb In its tj^iical Creek sense 

wheti he says ; urt tS)> yttwiftrirrur, 

noc. AiOEE. »BIL. soc., VOl. LVlt, v. AVeUST S, IfllS. 
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attention to a real problem* but one that belongs to the psycliologist 
and not to the biologist, I am quite willing to admit that there may 
be in ants some feeble analogue of the parental feelings of man and 
the highest animals, but as a biologist I am bound to seek and if 
possible to find some ethologica! or physiological basis for the ant's 
behavior toward her brood. Like other students of insects I have, 
no doubt* often taken too much for granted and have unquestionably 
committed the eighth deadly sin, called by the orthodox behaviorists 
“ anthropomorphismnot once but many times. By way of partial 
penance I offer the following paper, 

I confess that I took the Swammerdamian conception for granted 
till recentlyp while studying a collection of ants made in the Belgian 
Congo for the American iluseum of Natural History' by my^ friend 
Mr O- Langp I came upon some facts which seem to throw a flood 
of light on the true meaning of the relations of ants to their brood. 
These relations now appear to me SO simple and unequivocal that I 
find difficulty in understanding how they could have remained so 
long unperceivedp especially as a host of other facts had been in- 
si Gently pointing in the same direction. Our blindness seems to 
have been due to regarding the adult ants as the only active factors 
in the brood relationship. We supposed that the larvatn probably 
because they are such sluggishp legless maggots* merely the 

inert and passive objects of the feedings licking, traiKporlation and 
protection. One result of this assumption has been a general neglect 
of the study of larval ants. Even their morphology has received 
little attention. There are a few valuable papers by Berlese (1901), 
Karawaiew (1896) and Perez (1902) on the metamorphosis of ants, 
a single paper by Emery (1S99) devoted to the external characters 
of the larvse in a selected series of species and a number of scattered 
descriptions and figures^ published mainly for taxonomic purposes, 
by ni3'‘sclf and others, 

1 regret that in the past I failed to study the larval ants mote 
closely and more continuously, especially as the mcanliig of some of 
the unpublished records in my notebooks of 1S99 and 1900 is clear 
to me only now after the La[:>se of nearly twenty years* When I 
took up my work at the University of Texas in the fall of T899 as 
a morphologist accustomed to ivell-fumished northern and European 
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tmbrj'ological and anatomical laboratories and libraries, I found so 
III tie ajiparatos for the work in which T had been trained, tliat I fell 
into a peculiar listlessness and was for some weeks unable to con¬ 
centrate my attention on any subject that seemed worthy of investi¬ 
gation. One day, while 1 sat on the hank of Barton Creek, near 
Austin, in the very spot where, as I later learned, MacCook had 
worked on the famous agricultural ant {Pogonontyrmex mote^a- 
ciVjfj), I happened to see a file of cutting ants {Atta. texana), each 
with its piece of leaf poised in its mandibles. I vividly remember 
the thrill of delightful fascination with which I watched the red- 
broivn creatures trudging along under their green loads, and it 
seemed to me that I had at last found a group of organisms that 
would repay no end of study. At that time there was no active 
^myrmecologist in the country, MacCook had completed his work 
and Pergande was no longer deeply interested in the ants. Prof. 
Emery, however, and later Prof. Forel extended helping hands to 
me and forthwith sent me their numerous and important publica¬ 
tions, and several of my students, notably C. T. Braes, A. L, Me- 
lander, C. G. Hartman and M'. A. L-ong, never wearied of acconi- 
panjdng me on long excursions into the dry, sunny woods and 
cani'ons about Austin, 

For a time I was greatly interested in the habits of three large 
ants of the primitive subfamily Ponerina, Odontamachus dams, 
Paehycottdyla 3iwntcmm<r and Lobopdta dottgala, which are com¬ 
mon in Central Texas. I was able to show that their peculiar tuber- 
cuiate larvie are not fed with regurgitated food, like tlie Ians of 
more specialized ants, but with pieces of insects (tpoo). Concern¬ 
ing the feeding of the Odoittatitadtus larva I published the follow¬ 
ing remark (p. 24): 

These lari’* are placed by the ants on their broad backs, and their heads 
and necks are folded over onto the concave ventral surface, which serves as 
a table or trcuEh on which the food ts placed by the workers, 

An unpublished note, the significance of which I did not appreciate 
at the time, refers to Pachycmdyla and was recorded while I was 
studying the behavior of its extraordinary Phorid commensal, Meh- 
pitia pdi^kycoifdyl^ (1901), It runs as follows: 
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As iMMsn as the fragments of insects arc |>laced on the trough-like 

ventral surlace, the latter is sometimes inundated with a copious, colorless 
liquid, which is at once eagerly lamped up by the attendant nurse. 

I should now describe this behavior in the following tvords t As soon 
as the fragments arc placed on its ventral surface^ the larva dis¬ 
charges from its salivari^ glands a supply of secretion which is some¬ 
times very abundant. This secretion, by means of a strong proteo¬ 
lytic femtent which it contains, digests the food ex train test inally 
and thus enables the larva to swallotv and assimilate it, and at the 
S^me time senses in part as an agreeable draught for the nurse. 
The strong mandtbks of the Ponerine lan-at are used for comminut¬ 
ing the insect food and thus preparing it for the action of the saliva. 
The lan^al feeding habits of our small northern species of Poncra and 
SUgmutomma are essentially the same as those of the Texan genera, 
as I showed in a special paper (1900a). 

’Within recent years I liave examined the lanaj pf a number of 
different Poncrina! and have found them all to possess well-devel¬ 
oped mandibles. All, in my opinion^ except, perhaps, during their 
very youngest stages, are fed with fragments of insects, supplied 
directly by their nurses. In some species, the insect prey is prob¬ 
ably given to the larva without previous dismemberment, 1 here 
describe and figure the young of three genera, i/yriiieri'a> Mega- 
ponera and Bothropantra, as they differ considerably from one an¬ 
other and from all previously described Ponerine genera and will 
sene therefore to illustrate the diversity^ of larval structure ivithln 
the subfamily, 

Fif. 1 is from a photograph of the adult larva of Myrmecia Jflii- 
guinea, one of the larger Australian bulldog ants, the most primitive 
of existing Formicida?. It is nnlk-^vhile, has the form of a %'ege- 
table marrowy with all the segments distinct, except ihosc at the 
extreme posterior end of the body, the anterior segments are very 
slender and curved and the head is very smalL The body is rather 
uniformly clothed with short, rapidly tapering, bristle-like hairs. 
Under a higher magnificatinn the head (Fig. 2) is seen to have a 
projecting bibbed clypeus (c), broad, heavily chitinized, coarsely 
fridenUte mandibles (ws) and well-developed maxillas; (jt) and 
labium (/)* the former wHth two pairs of strongly chitinized peg- 
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shaped sensillEe (j’), the latter terminating in a broadly elliptical 
chitinou^ plate, with a single pair of knob-shaped sensllls (j") and 
the opening of the salivary' duct (d) near the middle of its anterior 
border. The upper surface of the short, rounded cranium hears a 



Ftc. I, Adult hrMs of M^^rmmria Fabr+ 


patT of minule antennal rudiments («), When I cdlected this krva 
in New South M ales I was unable to learn anything of k$ feeding 
habitsH Indeed, he who would make such observations would liave 
to don a suit of armor specially designed to w'ard off the stings of 
this jxjw'erful and ferocious ant or be able to keep it in a large 
artificial nest. As I was continually travelling about I was unable 
to resort to*the latter alternative. It is, however, not improbable 
that the Myn$ieda lan^a is fed on whole insects, since the small head 
and very long mobile neck are very much as in certain solitarj^ w^asp 
lan-sc Sfyhrdus), w^hich gnaw' a small hole in their prey and 
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then reach into its body cavit>" arid devour its soft parts. The 
inandfbles of the Mynnecte lar\'a certainly show that it feeds on 
inject food. 

The second larva (Fig;, 3) is that of the ** Matabele antp** Mcga~ 
poti^a fcetens, of which Mr. Lang secured many specimens in the 
Belgian Congo. Arnold (1914) and Others have shown that this 


Fig, 2, Head of Afyi-ftirfi'tf larva. dorsal; B, ventral; C 

lateral view! n, antenni; c, m, mandible; hT, maxilla; maxillary 

smsilla; 4 labium; labial d, oneuiiiff of ssUvwry duct 


ant preys on termites* the bodies of which k rairries home aggluti¬ 
nated in the form of pellets (Alluaud in Santschi^ ^ 9 ^ 4 )* It is very 
restless and changes its nesting site frequently, so that it is obliged 
to carry its young about a great deal and for considerable distances. 
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The larv3. is cj'lindrical, covered with a very too^h, opaque, ^rayashp 
hairless skin and furnished with long, falcate mandibles. The i^upa 
is enclosed in a very tough, black cocoon. These peculiarities arc 
evidently adaptations to exposure to the air and light, to the exigen¬ 
cies of frequent and protracted transportation and to feeding on 
the bodies of termites brought into the nest by tlie workers. Mr. 
Lang actually observed the e.vposure of the black cocoons to the 
sunlight, a peculiarity of behavior which 1 had also observed in cer¬ 
tain Australian Ponerinse of the genera Diacamnia and Rhytido- 
ponera (1915). 

The third larva (Fig. 4), that of B&ihropQnera one of 

four species of the genus, which 1 collected in Australia, has a very' 
broad elliptical body, witJi a short, stout neck, strongly folded over 
onto the ventral surface, which is somewhat concave. The int^^- 
rnent is also hairless and of a peculiar opaque, gray color. The 
rides of the three thoracic segments and first abdominal segment 
are furnished tvith fleshy^ tubercles and the mouthparts are very 
highly developed. It is placed on its back by the nurses and fed 
with fragments of insects deposited on its troiigh-Iike ventral sur¬ 
face as in our North American Ponerins.* 

The feeding of the larvae with pieces of insect food is not, how¬ 
ever, confined to the Ponerinse, Miss Fielde and I have shown that 
one of the commonest ^[yrniicine ants of the North Eastern States, 
Aph^iogasicr fuk a^ has the same habit. During late June, at the 
height of the breeding season, it h hardly possible to remove the 
stone covering a nest of this ant without finding one or more larv® 
lying on their hacks or sides in the act of Feeding on the legs of 
flies or fmgments of other small insects. Janet hns observed simi- 

^ Mayr de^crilKd B^ythrot'^^ntra a genus, but Emery, Fnrel and Sant&chi 
have been treating it ^ a suligiaius of Pnahycondyta, 1 return to Mayr's 
conception, because the adult, at least, of the Australian species af Bolkro- 
pQftera exhibits several peciihaTities of beba%'iar, such as the extmsmn when 
captured of a mass of frothy bubbles from the tip of the gastcr, and because 
of the structure of the larva, which is very different from that of PflcAy- 
as will be seen by comparing Figf. 4 with my previously published 
fibres of P- The larvae of Leplogenyj and 

Odiyni&mathus bear a grealer rcscmhlance to those of PachycDndyh. 
Sothrjipontra is, moreover^ confined to tropical Africa, Asia and Australia, 
whereas Pschyc&tidyla is neotropical 
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lar behavior in Tetraniorium carspiiuut and in some Camponotine 
ants of the genus Lasitis. Hungry" larvKr of Aph^n&gaster will even 
attack and devour smaller larvse of thetr own species that lie within 
reach of their sharp mandibles* 

Still the very young larvae of Aph^iagastcr and possibly also 



Fjc. 3. nearly adult larva of M^gap^ncra fjirUn^ Fabr.; head same, 

dorsal view. 

of the Ponerinar are fed with liquid focKl regurgitated on their 
mouths by the workers. Miss Fielde thus describes the process in 
Aph^nogast^ {jgoi) : 

The feeding of the larva, whicli is bent nearly double irt the egR, with 
regurgiUled food begins as soon as it atratghteiis itself and protrudes iti 
mouth. When the krvx begin to appear in the egg-packet, the workers lift 
die packet and bold it free and still, while one of their number holds a trans¬ 
lucent white globule of regurgitated food to the larval mouth projecting from 
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the surface of the eg^-pachet. I have repeatedly seen the Tiorkcrs thus feed¬ 
ing: the very youn^ brvK^ a single globule of regurgitated food sening for 
a ineal of which four or five tarvie ^ucceasivety partook. 

Undoubtedly the majority of Myrmicirtse, Dolkhoderinsc and Cam- 
ponotinae, the three most highly specialized subfamilies of ants, 
feed the brood thron^bout its larv^al stages with regurgitated liquids. 
Concerning larval feeding in the Doiylinse nothing is known, 

I come now to a consideration of some of the ant larvae collected 
by ^fr. Lang in the Belgian Congo. Four of these, all belonging to 
the subfamily iMyrmicinas, are of unusual interest. One of the 
species is a new P^tdal^us w-hkh I shall describe elsewhere asP, 
iermiiGlestes sp+ nov.^ the third of the genus to come to lightp as 
only one Indian and one other West African spedcs were previously 
known. The workers of tmmtolestes are minute brownish yellow 
ants which li%*e in the masonly of large termite hills and undoubtedly 
prey on their inhabiratits. Their habits therefore resemble those of 
the weibknowm thief-ants, Solenopsis vioiesta of Xqrth America and 
S, fugax of Europe* The lana (Fig, 5) has a singular shape^ 
being almost spherkah with a short neck, small head and minute, 
hi denticulate mandibles. The delicate Ln tegument is studded wnth 
very short, stiff hairs, each of w'hich has tw'o recurved branche$. 
The larv^, which are held together in compact masses by the inter¬ 
locking of these hooked hairs, are fed with liquid food by regurgi¬ 
tation as Is evident from the contents of their large spherical 
stomachs and the very feeble development of their mouthparts. 
Although, like otiicr ilyrmicinse, they do noL spin cocoons but form 
naked pups, they nevertheless possess huge salivary' glands. Even 
in the very' young larva (Fig. the salivary^ receptacle on each 
side IS full of a clear liquid secreted by the large cells of the tw^o 
branches of the gland. In the nearly full-grown female larva (Fig. 
5B) the glands arc very voluminous and have their lumen and that 
of the receptacle full of secretion shown as dark, compact masses in 
the figure, which was, of course, drawn from 3 specimen hardened 
and dehydrated in alcohol As such an amount of saliva would 
hardly he necessary for digestive purposes aud as it is not used in 
the form of silk by the full-grow'n larv'a, it probably serves as a 
store of food for the nurses. The Pardalgus brv'^e, therefore, w'ould 
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. seem to resemble the repletes of honey ants { Afp-mecocystus, Lep- 
etc-), except that the food for the workers ts metabolized 
and stored as saliva by the larva, instead of merely being ingurgi- 


Fi& 4. tarva of BothFQponira jutrlfvu Ifayr* A, ventral I B, lateral 

view; C, head, dor»1 view ; D, head, in profile. 


tated and stored in the ingUivies, or crop by a certain number of 
workers. From the fact that other Myrmicine ants, although they 
spin no cocoons, often have well-developed salivary glands, we may 
infer that these organs have much the same function as In Pffdalgus. 
To prove this, how'cver, additional observ'ations are necessaTv', 
though other reasons for believing it to be the case, will appear in 
the sequel. In all the larval stages of the Dolichoderinte and in the 
immature larvae of Camponotinae tlie salivary glands are probably 
put to a similar use. In the species of CEcophylta and Polyrhachis 
that employ their joung larv-ac for spinning the silken portions of 
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the nest inhabited by tiie w^iole colony, we must supiwse that the 
spinning habit, which in other Camponodne ants is manifested only 
at the end of la^^•at life^ has become secondarily precocious, but even 
in such larvae the saliva in the stages immediately after hatching 
may, perhaps, $till serve as an agreeaWe draught for the nurses. 

The three remaining larvae which I wish to describe tselong to 
species fonncrl)' included in the genus iS’fwn but now for taxonomic 



Fic. ^ very young; B, nearly adnh larva of Firdalguj tcnnitolcites sp. 
ttov.; lateml view to show the development of die salivary glands. 

reasons referred to rffro/sowcni and Fccfxyjfwia, These ants live 
in hollow' twigs like the species of the closely related neotropical 
genus Fseudoi^iyrma. A large collection of Tetr^p^nera tcSSjnQfmi 
made by Mr* Lang, included larvx and pupde in all stages of de- 




velopment* The adult larva differs little from the youngest and is 
shown in Fig, 6. It b long, cyliiKlrical and hypocephalic, i. e., with 
the head on the ventral side instead of being terminal. Unlike the 
various lar^^ae described above^ it has a pair of swollen appendages, 
belonging to the prothoracic segment and applied to the sides of the 



Adult larva of t^simantn Stitsi, 


head, and a large protuberance^ evidently representing a pair of 
fused appendages, on the ventral side of the first abdominal segment. 
The dorsal surface b fnmished with long, hook-shaj:^ hairs, by 
means of which the larva, b evidently suspended from the walls of 
the nest in the same manner as some of our American ant larm 
(Phadolej L^ptoltwraXj etc,) which have similar dorsa] hairs* 
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Other larv-a? of Tetraf^on^ra {mtalensis^ nUaborans, etc,} are not 
iinJike those of T, iessmmini. 

The meatiing of the thonacic and abdominal appendages becomes 
clear when we examine the lanta! of Pachystnm a^thhps and lati- 
fronts. Four distmct stages, probably sqjarated by moults, or ec- 
d3^es, juay be recognized in <rthiops. The first stage ju$t 

after hatching, is represented in Fig. 7 as It appears in ventral and 



Ftu. y. First larva stage {“trophidiiitn of Pachyttma wthhps F. Smith. 
jtT, ventral i Pi, Latjcral vieii'-+ 


lateral view". The body is curved, convex dorsally and concave 
ventrally, and terminates behind in a cjiindrical projection, wnth the 
anus shifted to the ventral surface near its base. The creature is 
strongly hypocephalic like the larval Tetrapon^ra and Fscudoporiera. 
The head is surrounded by a cluster of prominent, tubercle-like ap¬ 
pendages. On tlie prothorax, which is large and forms a great hood 
over the head^ there are three pairs of these appendages, an anterior 
truncate pair, a median pointed pair and a large posterior pair. 
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swollen and rounded and embracing tbe sides of the iicacL These 
evidently correspond to the single prothorackr pair of the T^tra- 
/'DMrrd tcssiumfti larva. The mesothoracLc segment has a pair ol 
smaller appendages nearer the mid-ventral line. Between them 
arises a ver>^ peculiar organ with a swollen, pear-shaped base pron 
longed into a slender, apparently erectile^ tentade-iike process which 
extends up iti front of the head and terminates in a small ampulla. 
The first abdominal segment bears a pair of large svi*ollen appen¬ 
dages lying at the base of the mesothoracic pair and united with a 
large and very prominent mid-ventral tubercle. This tubercle and 
its lateral appendages are represented in the T. tessmanni lan^a but 
the others, with the exception of the third prothoracie pair, are ab¬ 
sent- Sections and stained, cleared preparations of the whole larva 
show that the various tubercles contain portions of the fatbody, at 
least in the bases of their cavitic5+ and next to the h}'podemiis a 
dense, granular substance, evidently a coagulated liquid produced 
by the underlying adipocytes, or trophocytes. The same liquid also 
fills the unpaired tentacle, except its pear-shaped base, which con¬ 
tains fat cells. Around the bases of the tubercles are muscles so 
arranged that their contraction mtist increase the pressure On the fat 
and granular liquid and In all probability cause the latter to exude 
through the h>podermis and delicate chitinous cuticle onto the sur¬ 
face, The whole arrangement of the tubercles^ in fact, constitutes a 
system of exudate organs, or exiidatoria, as I shall call them, 
adapted to secrete substances that can be licked up by the ants when 
they are feeding and caring for the larvte. In this stage the man¬ 
dibles are small, soft, blunt and unchitinized so that the larva must 
be fed with regurgitated liquid food. The labium has a peculiar 
pair of fleshy appendages, shown Just beneath the mandibles in 7^. 
The body is naked, except for a few sparse, pointed bristles on the 
dorsal surface and the median pair of prothoractc appendages. As 
nothing like this larv^al stage is know n among ants or indeed among 
the Hymenoptcra, I propose to call it the "" trophidium/" 

The second stage larva is shown In Fig. The various exuda- 
toria are smaller iu proportion to the remainder of the body but are 
still much like those of the trophidium. The body is more ellipticalp 
the mandibles are more pointed and distinctly falcate, but even in 
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this stage they are unchitJiiized and therefore iionfunctionaL The 
coarse hairs are visible on the dorsal surface but a more uniform 
ifivcstinent of small hairs has made its appearance. They are blunt 
or even clavate^ cspeeially on the prothoracic segment. In this and 
the trophidium stage I am unable to find any salivary glands in 
cleared preparations though rudiments may, perhaps, be present. 


Fig, S. second, Bm third and C, fourth {adult) krval stages of PocAyjiPFPti 

^rthhps F. Smith. 

m 

The third stage larva (Fig* 8S) is larger and very regularly ellip¬ 
tical. The exqdatoria can all be recognized, except the unpaired 
tentacle. It is, however, present in some of the younger individuals 
but in a greatly reduced and vestigial condition and at the bottom 
of the deep depression which notv ap|>ears as a definite pocket just 
back of the mouth and under the niidventral swelling of the first ab¬ 
dominal segment. In many larvze 1 found in this pocket a small. 
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rounded, dark-colored pellet, which puzzled me at first. In sections, 
however, it wa$ at once seen to consist of the triturated and com¬ 
pacted bodies and parts of small insects- It is, in fact* a food-pellet 
placed by the worker ants in the pocket just behind the larva's 
mouth. In this stage^ therefore, the larva is fed on solid food and 
the strongly chitinized, acute and bidentate mandibles corroborate 
this statement. Slender salivary^ glands may also be detected* indi¬ 
cating that the substance of the food-pellet is subjected to exti^n- 
testinal digestion. The longer hairs on the dorsal integument have 
almost completely disappeared. The first pair of appendages on the 
prothorax has disappeared and the second pair is obsolescent. 

In the fourth, or adiik stage (Fig, 8C) the lar\'a is more elongate 
and cvlindrlcal and much more hypocephalk^ the prothorax forming 
a great protuberance in front of the head. The exudatoria arc still 
recognizable* with the exception of the first and second prothoracic 
pairs, which have disappeared entirely. The labial appendages 
are reduced, A food pellet was found in the postcephalic pocket 
in several of the larvJe of this stage but is not represented in ihe 
figure. The coarse hairs have disappeared from the integument* 
which is now uniformly covered with very short* delicate hairs, and 
the structure of die posterior end of the body is very difTcrent from 
that of the preceding stages. 

\Ve owe the only account of the <rthhps larva in the literature to 
Emerv' (1912). He describes what corresponds to my fourth stage 
laiA^a very briefly and figures its anterior end with some of the 
exudatoria, but erroneously inteqircts the large prothoracic pair as 
** ebauclies de pattes/' or rudiments of the anterior pair of imaginal 
leg,-/ 

The larviE of Fachystma latifrons are quite as extraordinary 
as those of and also pass through four stages- The tto- 

phidium, or first stage, shown in Fig, 9* is very hypocephalic* the pro- 

* In the same paper Emery created the rathyiima for the ac¬ 
commodation of what TxAi formerly called arlktup^ and fgr a new 

species described as litiifmnSf. because they have the frontal carStuc of the 
worker and female much more widely separated than in the numcroys species 
of Ttirnpmifra {5i«m 1 have raised P^idtyttma to generic rank, 

because the \atvx of tlie two species arc so very different irotn those of 
T^impQucr^. 
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thoracic segment being greatly enlarged and projecting anteriorly. 
Both preparations stained i#i tolo and sections show that the portion 
of the fat-body in this segment is sometimes heavily charged with 
urate crystals, so that it undoubtedly functions as a storage kidney 
till the Malpighian vessels are sufficiently developed to excrete. The 
first and second pairs of prothoracic appendages of the mthiops 
larva are absent, but the third pair is very large and embraces the 
sides of the head. The meso- and metathoracic segments each bear 
a pair of slender pointed appendages, the first abdominal segment a 



Fjc. 9. First larval stage <" trophidium ”) of Pachytima htifrons Emery. 
A, ventral: B, lateral view. 


huge Icg-Iike pair, winch are swollen and fusiform at the base and 
run out into a long slender process w'hieh forms an obtuse angle 
with the basal portion. The sternal region betw'cen these appen¬ 
dages is protuberant and its cuticubr covering, like that of the four 
pairs of appendages is minutely prickly, unlike the Smooth cuticle 
of the remainder of the body. Sections show that both the appen¬ 
dages and the sternal stvelling are exudate organs, though the pro- 
tboracic and abdominal pairs are much more important than the 
others. The prothoracic appendages are filled with blood and very 
MOC. pniL. soc., vot, tvw. v. acul-st S. 1918. 
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little fat tissue, but their hypoderruis h much thickened and consists 
of crowded cells arraiiigcd in peculiar clusters. In section the ab¬ 
dominal appendages appear as in Fig, lo. The fusiform base is 
filled with large^ clear trophocytes, or fat-cells^ some of which in the 
middle of the swelling may contain urate cIy5talS;^ like those lu the 
prothoracic storage kidne)^ hut the slender, tubular distal portion 
contains a granular liquid, which can only be regarded as an exudate 



FiGr za Lon^Etudjaal section through exudatoriutn first abdominal segment 
of trophidium of Pachyshtsa hiifr&ns Emery. 


derived from the trophocytes in the bai^I enlargement. This exu¬ 
date is evidently filtered through the thin cutigula covering the ap¬ 
pendage by pressure, for there is a rather elaborate system of 
muscles, as in the <i^thiops brva^ surrounding the bases of the appen¬ 
dages and Capable of subjecting their contents to pressure. The 
head is small and has soft, blunt, rudimentary and unchitinized man¬ 
dibles, and the iahiuni bears a pair of long, palp-like appendages^ 
which project forward in the deep depression between the head and 
the swollen sternal portion of the first abdominal segment. These 
are probably also exudatoria and seem roughly to corresj>ond to the 
unpaired tentacle of the iethiaps larva. The structure of the mouth- 
part^ shows that the larva in this stage is fed with liquid food re¬ 
gurgitated by the w^orkers. The convex dorsal surface is beset with 
sparse, curved bristles of uniform thickness, with blunt tips. The 
segmentation of the body Ss indistinct and its posterior end curves 
for^Vard and terminates in a large tubercle with the anal orifice just 
anterior to its base. Fig. gB, drawn from a stained and cleared 
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preparation, shows the nen^ous system and aliinentary canal. The 
MalphJgian vessels have only just begun to develop at the blind end 
of the proctenteron where it abQt$ on the posterior end of the larg^p 
elliptical mesenteron, or stomachy but no salivary glands can be de¬ 
tected* 

In the second stage larva (Fig. Ii^d) the body is more eloiigate 
and cy^lindrical and the four pairs of appendages can still be recog- 


FlC. ii, Af second, /?, third and fourth (adult) larva! stages of Fachysima 

htffrons Emery, 


niacd though considerably smaller in proportion to the remainder 
of the body. The mandibles ore becoming chitinized. Many of 
the long hairs on the dorsal surface are still present but a general 
^hort, sparse hairs has made its appearance, 
iiic third stoge Larva (Fig. iifl) is larger and still more elongate 
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and cylindrical and shows a further regressive development of the 
exudatoria. Those on the meso- and nietathoracic segments have 
disappeared and the abdominal pair has short broad bases with the 
distal portions attenuated to slender points. The labial appendages 
have also disappeared. The mandibles are well chitinized and the 
larva is now fed with pellets of crushed insects, like the aihlopt 
larva in the corresponding stage. These pellets were found iH Jt/ri 
in scs'eral of the alcoholic specimens as represented in Fig. iiB. 
The pellet lies in the deep pocket between the head and the stemal 
protuberance of the first abdominal segment and is therefore within 
easy reach of the mandibles and labium of the larva. Cleared prep¬ 
arations show that the salivary glands have made their appearance, 
though they are small and slender. 

The anterior end of the fourth stage, or adult larva is shown in 
Fig, iiC. The exudatoria of the prothoracic segment now appear 
merely as a pair of welts or folds embracing the sides of the head 
and continuous t\'ith the more dorsal portions of their segment, 
which is relatively smaller and less projecting than in the preceding 
stages. The exudatoria of the first abdominal segment are still dis¬ 
tinct but their distal portions are reduced to mere points, sometimes 
absent in larvie just before pupation, and the sternal swelling is 
much less prominent. In this stage the larva resembles that of 
Tetraponcra throughout its various stages. In the third and fourth 
stages of the laiifrons larva, as tfl the corresponding stages of 
(Tihtops, the salivaiy glands proibably furnish secretions which are 
useful both in the cxtraintestinal digestion of the food pellet and as 
substances that can be imbibed by the workers. The fact that in the 
two species of jRflfAyjHMO the exudatoria decline port pafsit with the 
development of the salivary glands certainly suggests that both sets 
of organs have to some extent a common function. In forms like 
Picdatgus and probably many other MyrmicintC, in which the de¬ 
velopment of the salivary glands is more precocious, the exudatoria 
are not developed. 

I believe, therefore, that we must interpret the exudatoria as very 
primitiveglmds, but they differ so much from the ordinary hypoder- 
raal glands of insects that it will be necessary' to consider them more 
closely before proceeding further. Tlicy are, as we have seen, small 


WHERLER-ANT LARV.R. 


313 


diverticula like the tmbr>'onic consisting of liypodermJs and 
its overlying cnticula and containing; a portion jof the fat-body sep¬ 
arated from the hypodermic by a granular liquids Kow the fat- 
body of insects may be regarded a$ a diffuse ditetles$ gland, the cells 
(trophocyles) of which take certain substances from the blood in 
which they liCt them in the cytoplasm as fat-globules or protoid 
granules and later return them to the blood in a more finely divided* 
if not ehetnicaliy modified form. The e,\udate which accumulates 
in the distal ends of the exndatoria is therefore merely blood charged 
with nutrient substances from the fat-celb, and either filters gradu¬ 
ally tlirough the hypodermis and overlying cutkk or is forced 
through them by muscitlar pressure. At first sight it would seem 
that the cuticle must he impervious to such a liquid* but a considera¬ 
tion of the more recent work on the minute structure of chitin by 
Holmgren {1901* 1902), Biedermann (1902, 1^3), Kapkov (1911)* 
Casper (1913) and others shows that there is nothing to pre^'ent the 
passage of a thin fatty liquid, even if it were not under pressure 
and even if the cuticle were much thicker than it is in the ant lar^'a* 
The cuticle is a colloid, cither of a reticular structure, as Kapkov be¬ 
lieves, or formed of horizontal layers of very' fine fibrillse crossing 
one another at an angle of 60"" as most investigators, including 
Biedermann and Casper* maintafn. Behveen the fibriUse are regu- 
L^Hv distributed and extremely fine openings or "pore canaU*'' 
through which a liquid might readily pass as if the cuticle were a 

^ The question arsjes as to whether the lan^al exueJatoria of Ffichysirna 
arc the hottintogues of the true afipendagcs on llit tlipracio and fir&t abdomiiiaL 
scRTnents of ejnhrj'o in5Ci-ts. In other words, do the exudatona represent 
true IcRS or are tlicy new formaticins ? Xtie trophidium of P. hiifr&ns scein^^ 
to point to the former alujmativc. The large kg-lilce exudatoria on the first 
abdominal segment are certainly very suggestive of the emh^'onk “ pleuro- 
podia ’ to which I devoted a paper many years ago fi^}. On the other 
hand^ the four pairs of irophidium appendage^ in laUfrons seem to be 
homologous with the four pairs of papillae in the lan-a of Baihrspantra 
(Fig. 4), and the latter arc almost certainly merely remnants of a cgnsidcr- 
ahle nuiTiher of similar papilhe which arc scattered over tlie whole surface 
of the larval Pa€hy£Ondy!a^ Didcamma and Furthermore, two of 

the pairs o£ exudatoria on the prothorax of the /'dcAyjifjEp tro- 

phidium Olid the unpaired tentacie-like exudatorium just behind the head 
cannot be brought into die homology. It would seem* therefore, that the 
exudatoHa must be regarded as cdenogenetic, or new formations peculiar to 
the young larv* of certain Old World genera of Pseiidomyrmini. 
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fillets Even in the ca^se of tlie hypo-dermal glands £atty liquids ar^ 
kno^vn to pass through the thin chitinous cutick Avith which the 
secreting surface of the cytoplasm is always covered^ even w'here the 
ends of the ducts are intracellular. 

In this connection attention may be called to a very similar exu¬ 
dation of blood plasma charged with certain substances (0, can- 
tlvaridin) through the hypodermis and cuticle in many Meloid, 
Caniharidp Lampyridj Cocdnellid and Chrysomelid beetles. It has 
long been known that when these insects are roughly handled they 
discharge from the articulations of their legs a whitCp yellow or 
greenish, had-stuelling liquid, which llagretti (tSSl^ iSSa)^ Lutz 
(1S95). I>e Bono (1889) and Berlese (1909) have shown to be 
blood plasma. It accumulates in pockets at the articulations after 
passing through the integument and leaving the blood cells (amcebo- 
evies) behind, and is clearly an exudate though it h repugn a torfal 
instead of having an alluring or nutrient function like the blood 
pbsma of Puchysma. 

It is unnecessaiy> howCAer, to seek confirmation of my inter¬ 
pretation of the circumoral appendages of the Fachysima larva by 
merely pointing to the conditions In the Meloids, Coccinellids, etc. 
W'asmann^ Holmgren and Tragardh have published valuable studies 
of exudate organs much more like those of the ant lan'ae. To Was- 
niann {1903) belongs the credit of having first made an extensive 
investigation of the tricliome glands and exudatoria of numerous 
myrmecofjhtlcs and termitophiks. Many of these structures are 
more or less modified hypodenual glands with tenuous duels open¬ 
ing at the base of hairs (trichomes) which either diffuse the secre¬ 
tion so that it can evaporate quickly or spread it out so that it can be 
readily licked up by' the ants, but in such termitophiles as the Staphv- 
linid beetle Xm&gastcr the fat "body" in certain parts of the 

abdomen forms blood tissue/* which becomes the '"exudate” by 
passing through a layer of hypodermis at the base of papilla 

exudate huds^"),® The latter seem to consist of cuticular sub¬ 
stance perforated by delicate canab that conduct the exudate to the 
surface. Wasman says: 

The exudate of these hnd^ seem.^ therefore to be a component 01 the 
blood fluid, which h as it were filtered rhrouFfh ilie hypodermal layer. 

^The trlchome glands may be compared with siniilar struejures iq other 
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Some of the details in his adcomit and figures are far from cleat, 
but there can be no doubt about hi$ meaning. Equally mterestmg is 
his dcscrlptioTi of the lar\^» of certain symphilic niyrniecophiles 
(Lamcckusa, Atcvi^les and Xen^idusd) concerning which he writes: 

The cutiCula of the whole bodyn excepting the head, i& ircnibraitoti^ and 
whitish^ Outer exudate orguns (f- c-^ trichomesj are lacking. The exudale 
tissue is exclusively the fat-body- 

He believes, in other words, that in these larvte the voluminous fat- 
body functions as a huge exudatqrium which pours a fatty e.^udate 
onto the surface of the body. This at once suggests that in many 
ant larvse the general fat-body may have the same function, so that 
there would be in these insects three possible sources of liquid sub- 
stances agreeable to the worker ants, the salivary glands, the exuda- 
toria setisii strkto and the fat-body. They would not all be equally 
developed in any given species, but at any rate there is just as much 
reason for supposing that the general Fat-body may function as an 
exudate organ in the ant-larva as in tlie lar\'3e of the Lomechusine 
niyrmccophiles. Kruger (19KO) and Jordan have cleared 

up some of the obscurities in Wasmann's paper, especially in regard 
to the trichome glands of hypodemial origin, but in my opinion have 
not invalidated bis general conclusions in regard to the role of the 
fat-body and blood in exudation.- 

animals. Many nqiimyrinecoplulons insects have similar glands tliat serv^c ti> 
dilfuse sexually attractive secretions. The que&lioa arises as to wheUier 
^nany of the hair-iufts in maimuaU may not have an analogous function. 
Anthropologists seem not to have explained the retention of hairs; in the 
axillary and ptihic regions of man. It Ls wldent that the hairs in the arm¬ 
pits serve rapidly to diffuse and evaporate the secretions of the sudorific sl^uds. 
The pits full of trichomes on the thorax of many sjmpliilic Fans^id beetles 
are strangely suggestive in this connection. The function of die public hairs 
is not so clear, but perhaps certain bats which have peculiar tufts about the 
genitalia (sec, g-t the figures of the Congolese Hippirjid^iyj iangt Allen in 
BvlL Amer. Mas. iVoh Hijf., 37 . PP^ 43^3. 437) may indkate that in the 
remote past the puhic hairs had a sexual function in the ancestors of mam 

^ For a critique of Jordan's w'ork aud for farther discussion of the struc¬ 
ture and developtnent of jLeMrrAuja and Aftm^tes the reader is referred to 
Wasmanu's recent monograish: '"Xene Eeitragc mr Qiologie von Lomeebusa 
und Atemeles ” 09^ 5)- 
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Wasmann li&s shown Lo a number of papers that Ihe true guests 
of termites, the symphiles, are pliysogastric* i, have the abdomen 
enormously distended with fattj' tissue. This eonditiEjn is vei^ 
striking in certain Staphylinids (Xe!wga^ier^ Caro f Oca, Spirachtha, 
Termtiotnimus, etc.) and Diptera (Tmurparihemis, Tcrinitmnyia, 
Tcrmiioxsmay Thaumataxem, etc.). Trfigardh (1907) has studied 
sections of the beetle rerwuVotHifiJiii;, ivhich lives m considerable 
numbers in the Euttrmes colonies of Zululand. His description of 
the exudate organs is so much clearer than Wasmann's and so sig- 
niheant in connection with my account of the F achy mm lan^ae, that 
I quote the greater part of it 2 

The rel&tioti of the fat-body to the and the cuticle i$ dif¬ 

ferent in different parts of tlie bcwiy. 

I, The hypodermis is exceedingly thin, soinetimes scarcely discenirble 
and pressed close tn ibe cuticle by the undertyin^f fat-body. The cuticle has 
no di&tfnct endostracum and is i»cnctrated by an immense number of ex¬ 
tremely fine pores, arranged in transverse rows. This is the case with the 
ventral, lateral and posterior part of the pseudoabdomen, r. exactly zvkire 
the entidf is af a briyhi reddish-ytlhiu cchr symphilous color " Was- 
mann) and u^hcre the iervntei moy wrojl ffel access to iL 

3, The hypodermis is thick and withdrawn from the euttcie which is 
thicker, with w'clbdtvelopcd epiostraoim and endostracum, leaving a rather 
wide space, which is filled with li-qtiid, + * , The fat-body is contiguous to the 
hypodermis. The fpace between llie cutide and the hypodermis is niDrc or 
less filled with a c^Tinophitous tissue of a sppng>' appearance which sometimes 
exhibits a very" distinct radial structure, sometimts is concentrically strati¬ 
fied and contains numerous granules which are also to be found In the tri- 
chogenic cells. This is evidettlly a fiuid, which has either passed throngh the 
hypodermis and is a deri%>ate from the fat-body nr it is a secretiou produced 
by the h^-podermis and is coagulated by the method of fixatloit. . + , 

The above stated facts concerning the relation of the fat-body to the 
hypodermis and the cuticle differ in some essential respects from w^hat Was- 
maim has found in the termitophilous physogastrous insects studied by him. 
In SpirGchtha, Termitoxenia, the larr;e of Or^/io^onmj and in X^jio- 

srfljlrr and other Aleocbarini the hn>ertrophied fat^dy is always surrounded 
by large tracts of hlood^tissue, oonsequently the exudatidn is derived di¬ 
rectly from the blood-tissue and only indirectly from the fat-body. The 
exudation is no fluid but evaporates through the membranous cuticle, which 
has no pores. 

To support the theory qf ihr exudation being only an attractive odor and 
not offering the termites any source of subsistence Wasmann pomts out the 
fact that the sj-mphifi as a rule only occur in small numbers in the nests. 

These statemenrs, however tme they may be with regard to the above 
menlioned genera, do not apply at all to In this genus on the 
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contrary'* in tht part oi ttie? abd&tneti which is easiest accessible to tlic lermites^ 
VIZ., the ventrai, lateral and posterior side of the pseudoahdomco, 

1. The fat-body is not surronndecl by the blood-tissue but conti^ou^ 
with the extremely thin hj^Ksdermia and 

2. The cuticle is penetrated by an immense mnriber of pore* (and the 
ericiastracum Is not distinctly discernible}. 

3. Fiirthermore rrrwijfowiiffiuj does occur in great jimnbers iii die nests 
of the termite?. 

These facts seem to mt to suggest dial in TtfrniffflifiiinttJ the fat itself 
or a derivate of the fat-bady may possibly be secreted oj a fiuid through 
the iiiirnerous pores of the OJlicle and not merely evaporate and that Ter- 
tnitomimiis thus offers to the termites a source of subsistence. The com¬ 
paratively very large extension of the area of the cutick which exhibits diis 
structure also argues in favor of this theoii'. 

In another paper (19073) TrSgirdh describes a peculiar Tineid 
caterpillar with exudatoria even more like those of the Pachy^iuia 
larea. He found it in the tree nests of RhiitoUrmes in 2 u 1 u 1 and. 
The relations between the caterpillarp which feeds on the woody suh- 
stance of the nest, and the temiites are evidently friendly. 

When disturbed, the lark's were seen to mabc their way to other parts 
of the nest, coming along one after the other, with regular intervals, like in 
a procession, each larv'a being escorted by a few soldiers and w'orkers. 

Each of the seven anterior abdominal segments of the eaterpillar 
bears on its sides* a pair of long* tapering appendageSp which 
Tragardh regards as exudatoria and each appendage contains a lobe 
of the fat-body, stirronnded by blood. The imperforate hypodermls 
Is separated from the thin cuticle* the space between being filled 
with exudate. In this case he believes that the exudate must evap¬ 
orate on the surface of the body, since he says; 

As the lar\"a emits a strong odor, and the termites were scarcely seen 
touching the appendages, the exudation is very likely an alluring odor. 

He compares the organs with the various osmateria described by 
Packard in the caterpillars of M^gnie^f^ygc and Kemileucidse. 

Certain organs in the larva: of two groups of Hymenoptera may 
also be interpreted as exudatoria^ In 1907 I called attention to 
peculiar bllster-like organs on the sides of pseudonymphs of certain 
Eucharine parasites of ants, notably in Ora^cma. These structures 
are shown in Figs. 39 and 21, PI. 2 of the paper referred to and in 
Fig. 251 p. 435 of my ant book (1910). In the pupa of the 
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same insect the abdomen has similar organs in the form of trans¬ 
verse welts. Reidiensperger (19131 PI* 6^ Fig, 12) describes and 
figures the ver)' same organs in an Abyssinian Eucharine* PsH^gasicr 
froiiduhnia, which lives with Phcidale jnegacephala, and suggests 
that they may be exudate organs, Forel (iSgo) had previously 
mentioned similar stmctnres ("asperitL^ ct bonssoufflures on the 
pupa of the large Eucharis myrmcct^ taken from the cocoon of an 
■ Australian bnlldc^ atit, Myntieda f^rfcaia. On recently reexamin¬ 
ing my preparations I hud that the organs of Ora^ema viridts may 
be inlerpreted as exudatoria. They are knob-shapedp with very thin 
h)TM>dcrmis and cuiicle and are filled with blood but contain no fat* 
tissue, although the fat-body in the abdomen and thorax is very 
voluminous. In life the knobs are colorless and glistening. Both 
the pseudonymphs and pup?e are assiduously licked by their host^ 
Fhcidolc so that the knobs of the former and the welts of 

the latter probably produce substances agreeable to the ants,* 

The other group of Hymenoptera comprises the singular South 
African bees of the genus Alhdape. In 1902 Brauns showed that 
they make very primitive nests, consisting of a single cav^ity, often 
12 cm, long, in the stems of various Liliaceous plants, but unlike all 
other solitary' bees, feed their larvie from day to day with “Futter- 
brei"" (honey-soaked pollen?). In the warmer portions of Cape 
Colony and German Southwest Africa Allodape breeds throughout 
the year. The single cavity of the ne$t contains eggs, larvse in all 
stages, puj}fc and freshly emerged bees intermingled. The la tvs 
are unique among bees in possessing peculiar tubercles on tiie sides 
of the fifth to tenth segments, Friese (1914) publishes photographs 
of some rather shrivelled half-grown larvae and describes the tu* 
hercles as “bladderlike evaginations of the outer skinJ^ Brauns 
seem^ to regard them as legs (psetidopods) and says that they are 
used to hold the food, but it seems probable that they are reatlly 

* White this paper was in the hands of the printer Dr, R, j. TcUyard of 
New South Wales sent me the Ian.-®, pup® and an adult male ot a huge Mti- 
described Eucharine, which he found attacking the brood mf the red bulldog 
ant ffuhia). Prof, C. T, hvuti betievei tiiafe the parasite may 

belong to the gcnu$ Psihsasier and wil] describe it in the near lulLire, The 
lari'® and pup® arc covered with e^udatoria like those of OrasArma but more 
prominently dc\'elopcd. 
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exudate organs. If this proves to be true, the resemblance of AHo- 
daf^e to Pflf/lyjfwia, which also rears its brood in all sta|;es in hollow 
stems and feeds ibe older 1 ar\" 3 e with food^pellets, avouM be yc.Ty 
striking. Alhdape is also of considerable interest in connection w ith 
Rotibaud''s observations on the wasp Synogris which aviII be consid¬ 
ered in the sequel. 

More important in their bearing on the exudate organs of 
Pa^hysifm are Holmgren's obser^^ations on the temiites. He de¬ 
votes the tAvelfth chapter of his volume (19^^) on the anatomy of 
these insects to the exudate tissue. Termites are really themselves 
physogastric like their guests* and Holmgren shows that all the 
castes, hut especially the queens, have extensive exudate tissues, 
consisting of the peripheral layers of the abdominal fat-body. In 
these layers the lrophoc>1es do not contain fat-globules but nu¬ 
merous minute granules Avbich are discharged into the blood and 
thus convert it into the exudate that passes through numerous pores 
or lacuna: in the chitinous cuticle to the surface. There it is licked 
up by other members of the colony. He finds that the development 
of the exudate tissue differs considerably not only in the different 
castes but also tn their various developmental stages and 

that the intensiri^ of the llckinijr and feeding of tke individuals of a termite 
colony is directly propartionat to the amoufit of their exudate tissue. Those 
with the largest mass oi exudate tissue are the best fed and the most licked. 
In other words, the care bestowed by the w^orkers on tlie various members 
of the colony is not an immediate expression of an altruistic philoprogenitive 
instinct (BrutpflegeinstincOh hut depends e^setitially on egoistic modicS* 
*. e., exudate huitger. 

To this point I AAnllitigly follow Holmgren, but both he and Was- 
mann have used their rcs|>ective observations as a basi^ for tvhat 
seem to me to be rather dubious speculations, a consideration of 
Avhich will have tO be deferred till the more general part of my dis¬ 
cussion is reached. 

Escherich (iQn) gives a more vivid, not to say more spectacular 
account of the exudate hunger of termites. So eager are the 
w'orkers of the Ceylonese TtrmfS redcimnm for the exudate of 
their huge physoga-stric queen that they actually tear little strips 
out of her cuticle in order to get at the liquid more readily! 
Escherich found that old queens sometimes have their white ab* 
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domens dotted with the btmvn scars of the wounds thus in¬ 

flicted by their progeny. Here the feeding behavior of the mother 
and offspring is the reverse of that in jndpient ant colonies, since 
the queens arc fed with regurgitated food by the workers and feed 
the latter with exudates, but this is, in all probability, also tiic case 
in established ant colonies when the workers have matured and the 
queen no longer feeds the brood. 

The facts collated in the foregoing paragraphs relate to the exu¬ 
date organs, but we had previously seen that the salivary glands of 
larval ants probably subsen'e a siJihlar function in the life of the 
colonv in addition to digesiing proteid foods ext rain testinally and 
producing silk at the time of pupation. The question arisen as to 
svhethcr there is any evidence that in other groups of social insects 
the salivar>’ glands of the larva produce substances which are con- 
sumed by the w'orker nurses. Fortunately there are some ver)' per* 
tinent observations at band in the French literature which is so rich 
in splendidly original works on the habits and taxonomy of insects. 
The observations to which I refer relate to the sodal wasps. Ehi 
Buysson (1903) obseiw^ed that the larv^ of Vespa “secrete from 
the mouth an abundant liquid. W'hen they are touched the liquid 
is seen to trickle out. The queen, the w^orkers and the males are 
ven- eager for this secretion. They know' how to excite the off¬ 
spring in such a way as to make them furnish the beverage/' And 
Janet (1903) was able to prove that the secretion is a product of 
the salivary^ or spinning glands and that it fiow^s from an opening at 
the base of the labium. This product," he says^ " is often imbibed 
by the Imagines, especially by the just emerged workers and by the 
males, w'hich in order to obtain it, gently bite the head of the larva.*' 

The most illuminating study of this matter, however, is found 
in a fine paper by Roubaud on the w'asps of Africa (1916). His 
account of the primitive wasps of the genus Bdo^wgaster presents a 
striking picture of one of the earliest stages in tJie social life of 
wasps, as will be &een from the follow ing quotation: 

in the spedtP nf Behmffajfer ^ well as in those of the genera harid 
and Foiistis wx havt beitn able to obwrvx this proceeding in detaiL All the 
lin-x, from birth, sterete from a projection of the h>'pophar^nx, oti the in- 
ferior sorface of the buccal funnel^ an abundant salivary li^id, which at 
the slightest touch spreads over the mouth in a drop. AH the adult wa^ps. 
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males as well as fetnaks, arc extremely eager for tJiis £a 1 ivar^- sceretion, the 
taste of wliECli Ss slightly auj^r>% It is easy to observe, especialEy in 
Bdonitgusti-r^ tlie Insistent demand for this Jars-al product and the tactics 
employed to provoke iis secretion. 

As soon as a narse wasp hai distributed her food pellet aniong tJie va¬ 
rious lai^’^r &hc advances with rapidly vibrating wings to the opcniitg of each 
cell containing a larva in order to iTtibibe the salivary^ drop that flow's abun¬ 
dantly from Its mouth. The method employed to eltdt the secretion is very 
easily observed. The w'ing vibrations of the nurse scr^^e as a signal to tne 
larva, w'tiich, in order to receive the food, protrudes its head from the orifice 
of the cell. This simple movement is often acconipauied by an immediate 
flow of saliva. But if the secretion docs not appear the wasp seises the 
larva's head in her mandibles, draws it towards her and then g^uddenly jams 
It back into the cell, into which she tJteit thrusts her head. These movernentSH 
involving as they do a stiuiulatiou of the borders of the mouth of the larva, 
compel it to secrete its ,‘iahvary liQyitL 

One may see the females pass back and forth three or four times in front 
of a lot of larvae to which they have given nutriment, in order to imbibe the 
secretion. The insistence with which they perform this operation is sucii that 
there is a flagrant disproportion hetw'ccn the quantity of nourishment dis¬ 
tributed among the lari^-ae by the females and that of the salivary liquid 
w^hJeh they rccci%'e ih reiurru There is therefore a real exploitation of the 
larvx by the nurses. 

The salivary' secretion may even be demanded from the bn^a wfEhont a 
compensatari" gift of nourisbuieat, botli by the females that have jusl hatched 
aud by the males during their jojouru b the nest The latter employ the 
S^c tactics as the females in compelling the lar\^» to yield their secretion. 
They demand it especially after they have malaxated an alimentary pellet 
for themselves, so that there is then no reciprocal exchange of nutritive 
matcriaL 

It is easy to provoke the buccal secretion of the larvae aiti^cially. Merely 
touching tJie borders of the mouth will bruig it about. The forward move¬ 
ment of the larvae at the ccH entrance, causmg them to protrude their mouths 
to receive the food pellet, is also easily Induced by vibrations of the air in 
tile neighborhood of the nest. It is only neccssoiy to whistle loudly or emit 
shrill sounds near a nest of Bihfw^aster to sec all the larv® protrude their 
heads to the orifice of the cells. Xow it is precisely the vibrations of the air 
Created b>' the rapid agitation oi the bodies of the wasp$ and repeated beating 
of their wungs that call forth these movetnenls^ either at the moment when 
food Is brought or for the purpose oi obtaining the buccal sccrcdon which is 
so eagerly solicited, 

Raubnud sumiiiariies the general bearing of his observations in 
the following paragraph: 

The reciprocal exchange of nutrimcrit between the adult females and the 
larvait the direct cxpToiUtton of the Uin^al secretion without alimentary com¬ 
pensation by the males and just emerged females are trophobiotle phenomena 
the elucidation of which h of great importance to an underslanding of tlie 
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origin of the social tendencies in the Vfiptdse, as wc shall show in the sequel 
The retention Ot the young females in the nest, the associations between 
isolated females, and the coojierauvc rearinfi of a great number of Sao-^ are 
al rattonalty explained^ ia our opinion, by the attachment of the wasps to the 
larval secretion. The name {rcQtrophffbh^k {from family) may be 

given to this peculiar family symbiosis which is characterized by reciprocal 
exchanges of nutriment between lan'x and parents, and is the d'itre of 

the coionies of the social w^asps. The associations of the higher Vespids has, 
in our opinion^ as its fir,it cause the trophic exploitatLon of the larvae by the 
adults. This is^ how^cver, merely a particular case of the Ir^phifbwjis of 
which the social insects, particularly the ants dial cultivate apluds and 
coccids, furnish so many examples- 

It does not seem to me that the term ''oceotrophobioslsis aptly 
chosen. Apart from its length, it irnplie$, as Roubaud states, u re¬ 
lationship bettveeji adult and larval members of the same colony or 
family, comparable with that existing between ants on the one hand 
and .Aphids^ Coccids, Membtaetds and Ljranid larvae on the other. 
This relationship, however, is, so far as nutrition is concerned, one¬ 
sided since the ants exploit the aphids, etc., and may defend or 
even transport them, but do not feed them. ^Motcover, even in 
Biloiiogasii^r the feeding of adults and larvse is rcciproeal, and the 
latter could not be reared If they were actually exploited to such 
an extent as to interfere with their growth. As the relationship is 
clearly cooperative or mutualistic, I suggest the term trophalhxis 
(from nourishment and aX^Arruv^ to oschauge) as less avrk- 

ward and more appioprialc than oecotrophohiosis-^' 

That the feeding of the young by the mother wasp without com¬ 
pensation is irtore primitive than the condition in BetowgaStcr h 
shown by Rouhauers beautiful observations (190S, igto, and 
1916) on three species of Symgns in the Belgian Congo (rej/fidci. 
sichclian^i and toriiiifa). These wasps represent important stages 
in the transition from the solitary' to the social forms, sitice they 
make earthen cells like other Eiimenids, lay eggs in them and pro¬ 
vide the young with paralysed caterpillars of Hesperid butterflies. In 
favorable seasons, when caterpillars are bundant, the behavior is like 
that of our northern Eumcnid and Odynerid wasps, numerous small 
or single large caterpillars being placed with the egg in the cell and 
the latter sealed up (^^approvisionnement massif accelere"), hut 
when the season is less unfavorable and food scarcer, the wasp’s ac- 
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tiv!tie5 slow down so that the larva may hatch before all the prey 
h broug^bt in (-^ approvisionnenient niassif ralenti"). This condi¬ 
tion leads naturally to a feeding of the lan^a from day to day with 
living but paralyzed caterpillars ("education surveillee indirecte”} 
and eventually to a stage essentially like that of the social wasps in 
which the caterpillar is chewed up and placed as a pellet in the mouth 
of the larva (^'education sitrveillee dtrecte'*)* Symgris cornu ta has 
reached this last stage. The mother insect, while rnalaxaling the 
caterpillar, herself imbibes its juices. 

The intern at liquEds having p^arily dis^gippeared during this process of 
maUxadonp the prey no longer, as it waft in the begiutitng, soft and juicy 

full of nutrtnicnt for the lar\^a. It is possibk, in fact^ to observe that die 
caterpillar patee provided by the Syna^rii coruMtu is a coarse paste which 
has partly lost its liquid constituents. There is no csaaRCraiiou in stating 
that such food would indace In larvx thus nourished an increase of Hie 
salivary secretion in order to couipensate for the absence of the liquid in 
the prey and facilitate its digestion^ 

It IS here that the further development to the condition seen in 
Betonogasier and other social wasps sets in. The mother wasp 
finds the saliva of the lam agreeable and a trophallactic relation¬ 
ship is e$tablished. As Roubaud says, 

the nursing instinct having evolved in the manner here described m the 
Eumenida, the wasps acquire contact with the buccal secretion of the larva, 
become acquainted with it and seek lo provoke it. Thence naturally follows 
a tendency to Increase the number ol lanie to be reared simultaneously in 
order at the same time to satisfy the urgency of ovlposttion and to proBt by 
the greater abundance ol the secretion of the lan.^ 

Although cousiderahle evidence thus points to trophallaxb as the 
source of the social habit in wasps., anU and termites, it mast be ad¬ 
mitted that the phenomenon has not been observed in the social 
bees. That the latter may have passed through a phylogenede stage 
like that of Sy^iagris seems to he indicated by the solitary bees of 
the genus Athdcipe to which I have already referred (p. 318)« 
Brauns^ observ^ationSp though meager^ show nevertheless that AUo- 
dape has reached Roubaud^s fourth stage, that of direct feeding of 
the larvffi from day to day, and if I am right in supposing that the 
peculiar appendages of the larvae are emendate organs, there would 
be grounds for assuming that trophallaxis occurs in this case. On 
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the other hand, it has often beer sugigested {^, g., hy von Battel- 
Rcepen) that the three social subfamilies, the stintless V eg (Meli- 
(JoniiKe), bumble-bees {Botnbins) and honc)' bees (Apins) have 
dcs'cloped from the solitary bees by another and more direct path, 
for the McIipontnK, though living in populous societies, still bring 
up their brood in essentialiy the same way as the solitary bees, i. e., 
by sealing up the eggs in cells provisioned with honey-soaked pollen. 
The Bombinae, however, keep opening the cells front time to time 
and giving the iarvs? a little food at a time, and in the honey bee the 
cells are left open till pupation and the larvae fed more continuously. 
^^nme^ous facts indicate that the Bombins are the most primitive, 
the Apinae the most specialized of existing social bees, and that the 
Mehponinse. though closely resembling the solitary bees in the care 
of the young, are nevertheless in other respects very highly spe¬ 
cialized (vestigial sting, elaborate nest architecture, etc.). It is 
therefore not improbable that these bees, after passing through a 
stage more like that of the Bombins, have reverted secondarily to 
a more ancient method of caring for their brood. At any rate, the 
Mchponinse have been so little studied, as compared with the Bom* 
binie and Apins, that they can be left out of the present discussion. 
Sladcn (1912) has given us a good account of the queen humble 
bee feeding the larvse, but he says nothing about the saJtvary glands 
of the latter. These are very large, as we know from the work of 
Bordas (1S94). but their development is perhaps fully accounted 
for by the complete cocoon spun by the mature larva. Even in the 
honey bee. which has been so tlioroughly studied, I find no evidence 
that the adult workers feed on larval secretions. In both cases, 
hoiivever, it Is impossible under natural conditions accuratclv to 
observe the behavior of the larva while it is being fed. This 
might, perhaps, be done if the bees could be induced to rear their 
young in glass tubes made to resemble the celb,'* But even if it 
should be found, on further investigation, that there 15 no indica¬ 
tion of reciprocal feeding between the larval and adult Bombin* 
and Apin®, we might still contend that these very highlj' specialized 


»pr. E. F. Phniips informs me that it would he possible to obserse ,],« 
tetiavior 01 hofi^-b« larv* and their nurses in wllj built against and pardy 
formeJ By Use glass walJ of an observation hive. 
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iri5ecl5 had in their evolution passed far beyond the stag^es repre¬ 
sented by the termiicSp ants and social wasps. There catip indeed, 
be little doubt tliat the bees are descended from wasp-like ancestors 
and that they must therefore have passed from an animal to a vegie- 
table diet. If the change of diet took place after the social habit 
had been established^ as is possible and as is so dearly shown to be 
the case in the harvesting and fungus-growing ants, the loss of a 
resort to the larval secretions by the adult scM:iaI bees could be readily 
explained as due to the abandonment of a scarce animal food, pro¬ 
cured with considerable difficulty^ for nectar and pollen, which are 
abundant and easily obtained. 

Another objection that may be urged against the view that 
trophal][ixis is so fundamental as I contend, is the behavior of the 
ants towards their inert pupa:, which though transported and de¬ 
fended as assiduously as the larva:, yield neither liquid exudates nor 
secreliofis. This does not seem to me to be a serious objection, be¬ 
cause the pup® evidently have an attractive odor and may ihercfote 
be said to produce volatile exudates like certain myrmecophiles. 
Both the larii'a!: and pup®, mDreover, evidently represent so much 
potential or stored nutriment available for the adult ants when the 
food-supply in the eiiviroiitneot of the colonv runs verv low or 
ceases entirely. Infanticide and cannibalism then set in with the 
result that the devouring of the young of all stages may keep the 
adult personnel of the colony alive till the trophic conditions of the 
environment improve. Certain predatory tropical species (Dory- 
linac, Cerapachyini) regularly raid the colonies of other ants and 
carry home and devour their brood. In northern Eurasia and North 
America Formica sangumea makes similar raids on colonies of 
Formica fitjfca but permits a certain number of the pup® to hatch 
and become “slaves."' The latter, however, represent only a small 
portion of the pup® secured during the course of the summer. Was- 
marni believes that the fuscA pup® are plundered for the sake of 
being reared. Tills 1 doubt, but if true, we should have to account 
for it by supposing that to the sauguinca workers the odor of the 
ftisca pupSE is, if anything, even more attractive thau that of their 
own. 

If we confine our attention largely to the ants, I believe it can 
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be shown that irophallaxis, originalty developed as a mutual trophic 
rehiLiOd between the mother insect and her lar\^al btood, has ex¬ 
panded with the growth of the colony like an ever-widening vortex 
till it involves, first, all the adnhs as well as the brood and there¬ 
fore the entire colony; second, a great number of species of alien 
insects that have managed to get a foothold m the nest as scaven- 
i\ e., other species of ants (social parasitism) ; fourthp alien insects 
gerSp priedators or parasites- (symphily) ; third, alien social insects, 
that live outside the nest and are '^milked'* by the ants {tropho- 
biosis)p andp fifth, certain plants which are visited or sometimes 
partly inhabited by the ants (phytophily). In other words the ants, 
have drawn their living environmenu so far as this was possible, 
Into a trophic relationship, whichp though imperfect or one-sided in 
the cases of trophobiosis and photophily, has nevertheless some of 
the pecutiariiies of trophallaxis- A brief sketch of each of these 
five expansionSp indicated as annular areas in the accompanying 
diagram (Fig. 12)^ n^ay not be out of place. 

I, There is a very close resemblance between the beba^dor of adult 
ants tow^ards one another and thefr behavior towards their young. 
The adults feed one another with regurgitated food or even ivitli 
secretions as is the case with Cremat^gasier {Fhyso^rttim) inflGta, 
an Ifidomalayan specieSp the workers of which have great sugar- 
glands in the back of the thorax. Many ants transport each other, 
and the transported ant assumes a quiesccatp lar^'al or pupal attitude. 
This is best seen in certain Ponerime, c. g., in the species of Lobo- 
which carr)' their males under the body as if they were 
larva? or pupa;. On such occasions the males keep their legs and 
antennse in the pupal position. Moreover, when the food-supply 
of the colony is cut off ants often devour other ants of the colony 
a& if they were brv^ or pupae. The largest workers (soldiers) arc 
eliminated first, either because they represent mote stored food ot 
because their continued life in the colony constitutes a greater drain 
on the food rcsourceSp or for both reasons. Some years ago I re¬ 
corded an instance of this behavior in an Arizona ant, winch I called 
Pheidah mtiitkida^ because it regularly kills and eat.*: all the large- 
headed soldiers in the colony during the w Inter when the food supply 
is very^ limited. In artificial nests of Camponotus, which has poly- 
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morphic workers, a similar elimination of the largest individuals 
may be obsen^ed Avhen the colony is left long without food, 

2, Among mynnecophiles and termitophiles Wasmann has showm 
that there are certain species (symphiles) that have trophallactic re- 


Ffc^ 12 DisgTatn to illustfate the estpansioTiS of the tropli^nactic and 
trophit rebtlonships within and outside the ant eolonv^ The confines o£ tfie 
nest are indicated by the double line. 


lations with their hosts. Among ants especially these relations are 
so intimate that the symphiles may be regarded as integral members 
of the colony. The adult Lomcschusine beetles, are not only- 
fed and licked, but their young are treated as if they were ant larvae, 
owing to the presence of trichome glands {“external exudate or¬ 
gans " of Wasmann) in the former and fatly, or internal exudatoria 
in ihe latter. 
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3. The various parauitii! ants, of whidi a number of species have 
come to light within recent years and have been described by Was- 
mann, Donisthorpe, Emer>% myself and others, can be shown to 
have established trophallactic relations with their host species. One 
of the most instructive h Leptothoraj:^ ^mcrsonl which lives with 
Myrmica can^detwj!. 1 have described its habits and those of one 
of its subspecies in three of my former papers (1901, 1903, 1907). 

4- The relations of ants to plant-lice and other Homoptcra and 
to the larv<e of Lepidoptera outside the nest are, as I have said, 
mcomplctely trophallactic, since these insects are not fed, though 
they may be de [ended by the ants. The Homoptera are not fed 
probably for the simple reason that their monthparts are so pecu¬ 
liarly specialized for piercing plant-tissues and sucking; their jtiices, 
and the Lepidopteron larvje liave, as a rulCj no occasion to abandon 
their leaf diet. There are, however, several cases in which both 
caterpillars and Homoptcra have entered inlo more intimate asso¬ 
ciation with the ants. Many of the root aphids and coccids and 
their eggs are collected and kept by the ants in their nests* at least 
during certain seasons of the year. Two of the caterpillars that 
have acquired closer relations with the ants are so instructive, as 
illustrating one of the w'ays in ^vhieh the mymiecophilons habit has 
becii developed, that they merit more detailed description, 

F, P. Dodd (191^) found that the first-stage larva of a small 
gray Queensland moth, Cycloittrm uion^^ccnlra, is ectoparasitic on 
a Jassid Homopteron which feeds on certain trees and 13 attended 
and “milked” by an ant of the genus Iridomyrm^.t^ The ant car¬ 
ries the parasite but not the Jassid Into its nest. There the foTmer 
spins a tcmjToraiy' cocoon and later emerges from it as a peculiar, 
flat, bright red (symphilic color), second stage larv'a, with two 
long tails. In this stage ti subsists “solely on the ant grubs by 
sucking out their juices/" but as in the case of L&mechusa in the 
nests of the European formica the ant is partially it- 

compensed for the loss of its brood Dodd saysj 

Refercaee ha^ been made tu the caterpillar^ raising their terminal seg¬ 
ments, SYcn the small ones from the E:qcaon5 doing so. This was quite suffi¬ 
cient to warrant invesligatlotL Con^ucntly at various times I have placed 
them with ants and grubs under glass, in order that they could be seen to 
ads'antage and w-iihout risk of disturbance- ^V'lien the anal parts are pro- 
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tniiJcd, nn anl generally $coa Eefom^s aware of the fact and will be seen to 
pay these great attention. I soon noticed that a liquidp often perfectly trans¬ 
parent {it loots 50 on the blue-green ^roundp probably was pale bluish)p is 
emittedp and tint it b greedily drunk up by the ants. Over and over agairip 
with and without a lens, I Irave seen this issuer and the speedily absorb 
it SoTTie antSp perhaps hungry or more enterprising than others^ would take 
in a supply from a second caterpillar. If an ant is not satisfied with ll!e 
quantity given onl, she deliberately seises the protruding parts and gives 
them a gentle nipp the mandibles can plainly be seen to press upon the juicy 
flesh; if the hint is not immediately acted upon a more vigorous squeeze is 
given, and the tails may he gripped and pressed. This is very comical the 
ant's meaning is unmistakable and the caterpilLar so thoroughly understands 
it, toOn for a second hint never fails. This liquid, though trequcntly quite 
clear, h often mixed with yellowish matter, and at times some jelly-like sub¬ 
stance IS extruded; the latter the ants do not care abo-ut, for after the mois¬ 
ture h licked up this 1 $ in their vrxy, and if they have not been imprisoned 
too long, will seiEe and tug at it until it Comes off, and carry it to a spot set 
apart for waste matter^ such as iheir own pellets and pupal skins, ett^ are 
kept in, 

Dodd observed the ants licking and clean!tig the caterpillar and 
the caterpillar cleaning the ants! When mature the caterpillar leaves 
the nestp travels to the nearest tree in company with the foraging 
ants, spins its cocoon in a crevke of the bark and pupates. In about 
twenty days the moth emerges.^® 

The second case is the caterptllar of Lyrrna orion, which has 
been recently studied by Qiapman (1916, i9[6a) and Frohawk 
(1916) in England, The butterfly lays its eggs on thyme and other 
plants. On these the brva feeds, and is often attended by ants as 
it possesses a honey^land like many other larval Lyesnids. When 
it has reached the third, or last moult it crawds down to the ground 
and on encountering a foraging worker of Mynmca bninodts or 
scabrinodiJ hunches up the anterior segments of its body in a singu¬ 
lar manner, Frohawk interprets this behavior as a signal w'hich 
induces the ant to seize the caterpillar and carr>’ it into the nest. 

^^*\Vhcn 1 was in Que^sloind Dodd generucLsIy gave me ^ fine scries of 
an the Stages of this extraordinary’ insect together wiih specimens 01 Its 
boat ant The btter, which I had previously found regularly nesting in the 
superficial portions oi large, flat termitaria at Koah and Towmsvlltc. is not 
as Dodd states in his paper^ /rrdeMiyrHirjr purpuy^uj Smith (— 

Smith but /. Forei It i:S smaller and paler than ddfcius. hut 

every bit as fierce and aggre^^ive. 
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The individual ant ^hkh first finds the lar^■a Is always ^ 

!. rff \Uhmiifh during its atteiidai.ee several «her ants nnay find ^ 

™iik it »>=y■•»'“ 3'^; 

'th™1^yv« ^he Slg.>al. No. 3 larva allnded to hunted itsell bo^jhe 
A A ttiird dmc wbjlt thfl ant wai about an meh avf^y and facinff 
dire.;t:on, and at the fourth Imnelnheg ^ 

Sver the larva ready for the signal, and when th.s was psen ,t was Uti.eleiy 

seiECid and carried. 

Chapman observed that after the caterpillar was taken into the 
nest it fed on the Myrwifcfl larv*. During this period of its life it 
was not seen to yield the secretion ot its honey-gland hut was 
treated by the ants as what Wasmann would call an mdifferen y 

tokTated. guest, or synoeketc. _ 

e. The fifth expansion of trophallaxis, namely the acquisition o 
trophic relations with the myrmecophytes, or plants possessing 
extra-fioml nectaries or food-bodies, is also imperfect like or mary 
trophobiosis, since the ants merely obtain nutriment from 
and possibly afford them some protection* The nectar and other 
plant-foods are for the purposes of the ants merely so iMiiy exu¬ 
dates like the excrement of the Homoptera, (honey-dew) and the 

sweet secretions of the Lycamid caterpillars which feed on the 


As the foregoing study of trophallaxis has an important bearing 
on Wasmann's and Holmgren’s interpreEaiion of sympfiily it will he 
advisable to consider their views in greater detail. Wasmann has 
elaborated his ideas in regard to the origin and meaning of syinphily 
in several papers, but as an article published in embodies his 
mature and apparently final contentions, his earlier publications 
reed not be drawn into the discussion. Having found that particu¬ 
lar symphilcs live only with particular host ants and termites, he con¬ 
cludes, first, that the latter have during their phylogeny aojuired 
particular symphilic instincts as differentiations or modifications of 
their original nursing and adoptive instincts, and second, that the 
true ant and termite guests have been developed by these sjmiphihc 
instincts through a process called “amical selection,” which he 
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likens to the conscious artificial selection employed bj' nian in 
perfecting the numerous, often bizarre varieties among his domes¬ 
ticated animals and plants, Zseherich (iSqS. 19 **)' Schtm- 

mer (1909, *9*o) and I (1910) have never accepted this view, and 
1 am still iinablc to see that VVasmann has successfully disposed of 
our arguments. The whole matter comes down to the answers to 
tw'o questions t I 3 o ants and termites possess special symphilic in- 
St!nets? and: Is the assumption of amical selectioB necessary to ac¬ 
count for the facts? In my opinion both questions are to be an¬ 
swered in the negative. 

It is unnecessary to consider all the various symphilcs which 
Wasmann has so long and so carefully studied. A brief account ot 
I^otnccitjfss jtJTfMiojBj his chief battle-horse and according to his own 
statement one of the most typical of symphilcs, will suffice. This is 
admittedly a predatorj’ parasite in the colonies of Fonn/cu foir- 
Its tan'ss devour the ant larvas and the adult beetles are 
fed and licked by the ants. The fat tissue of the larva probably 
supplies the ants with an agreeable c>;udate and the adults certainly 
furnish an agreeable secretion from their abdominal trichomc glands, 
When the larvse, which arc evidently treated as if they were ant 
larvte, ntature, they are buried in the soil, just as the ant-larv'se are 
buried, in order that they may pupate. The pup* are also un¬ 
earthed like the ant pupa^, after,they have spun their cocoons, but 
this treatment is fatal to the parasites and only those that have 
been lorgotteit and left in the soil are able to develop into beetles. 
Often the greater part of the ant brood is destroyed by the loiiw- 
diusa larvse, but in some colonies, by a process which Wasmann 
has never adequately explained, many of the larvse develop into 
pseudogynes, or forms intermediate between workers and females. 
These pathological individuals are unable to perform the functions 
of cither of the castes which they imperfectly represent. This is in 
its essential outlines the history of Loirirfluua. Now Wasmann be¬ 
lieves that Forijifffl sattgutnea has acquired during its phylogeny a 
special sy mphilic instinct which impels it to foster Lomediitja to 
the detriment of the colonies and therefore to the detriment of the 
species, and regards the case as furnishing a splendid argument 
against natural selection and an Incontestible proof of the existence 
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of sekctiort. The same reasoning js, ot course, made to 

apply, mutaiis inuliitidis, to Claviger testacetis which live^ with 
Lasius the Paiissids which live with different spcdes of 

jP/reidok, the physogastric Staphylinids which live with various 
termites, etc. The bizarre structures of these syniphiles, such as 
the antennae of Clavigerids and Paussxds, are coiupared wdth the 
deformities of some breeds of domestic animals and are supposed 
to have arisen and to have been perfected in an analogous manner. 
The analog)', as conceived by Wasmann, h indeed so close that it 
is hard to see why the term amical selection should have been intro¬ 
duced for what would seem to be after all only another case of 
Darwin’s artificiai selection though performed by ants instead of 
men. 

The argument looks plausible till we examine it more critically. 
When we a&k how' the particular symphtlic instinct to foster L<5Mie- 
cliusa became established r e., hereditary, in we see that 

\\ asmann has taken a great deal for granted. Of course, we really 
know^ nothing about the phylogeny of sattguima in its relation to 
Lomrehitsa. Tlie satfgmnm queen and her fertile female offspring 
in colonies that are old enough to be infested by the beetle^ pay no 
particular attention to the parasite and could therefore acquire such 
an instinct as Wasmann postulates only by inspiration* The 
worherSp which do look after the beetles, rarely reproduce and prob¬ 
ably never reproduce in infested colonics and would therefore not 
be in a position to transmit even if they acquired such an instinct. 
And as the sanguiTica brood is either largely devoured or converted 
into infertile pseudogjmes, so that the whole colony tends to die out, 
we have anything but a favorable environment for engendering and 
transmitting an instinct so specialized as to be concerned wdth a par¬ 
ticular symphile. Further more. LojKrc/iifsu is a very sporadic para¬ 
site. It may be abundant in certain regions, as in certain parts of 
Holland, where Wasmann has worked and at St. Moritz, in the 
Upper Engadin of Switzerland where I once found it and its larvae 
in considerable numbers, but there are many regions in wliich tbe 
sanguinna colonies are entirely free from the pest and hence in a 
flourishing condition and one most favorable to the survival of the 
species. Wasmann has not shown that introduced into 
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the colonies of such regions is treated with any less consideration 
than in young, previously uninfested colonies in regions where the 
parasite is coninriQn, As Lomeehiisa i$ ver>' rare in Engbnd, the ex¬ 
periment could be readily performed by shipping a lot of the beetles 
from the continent to my friend Donischorpe, with the request that 
he introduce them to the British I am willing to vr^er 

that even if they came from Germany they ivould be hospitably 
licked and fed by the ants of Albion. Wasmann mightp however, 
contend that LonMhtiiS^i was once a universal safigainca parasite 
or, at any rate, much more abundant and more unifomily distrib¬ 
uted than at present, but if this had been the case how- could san- 
giiitiea have sunHved, if the ravages of the parasite are as great as 
he asserts, especially when We consider that sanguinca is itself a 
parasite on another ant, Farmita fasca^ and is therefore dependent 
on a host? 

The perusal of Wasniann's papers leaves me with the impres¬ 
sion that he is bent on showing that symphily is something biolog¬ 
ically unique and that for every peculiarity in ant behavior we are 
bound to postulated specific instinct. If three of my maiden aunts 
arc fond of pets and prefer cats, parrots and monkeys, respectivelyy 
I am not greatly enlightened when the family physician lakes me 
aside and informs me sen tent iously that my aunt Eliza undoubtedly 
has an Kriurophilous, my aunt Mary a psittacophilous and my aunt 
Jane a pithecophllous instinct, and that the possessiou of these in¬ 
stincts satisfactorily explains their behavior. It is only too appar¬ 
ent that the physiciau has merely called the stimuli that severally 
affect my aunts by Greek names plus a suffix indicating " fondness," 
assumed their existence as entities in my aunts" minds and naively 
drawn them forth as “explanations.” It is high time that such 
scholastic methods of conducting biolc^ical inquiries w'ere aban¬ 
doned. Efitia ifoii .fiiiil multiplicands pfiTtcr neecssitaiem in the 
study of animal behavior as iu other fields of research. 

The obscnaltons recorded in the opening pages of this paper 
seem to me to constitute the most formidable argument against the 
existence of special syniphilic instincts, for in the first place, if in 
the social insects the relations hetw’een parent and offspring or bc- 
twccd the nursing workers and the offspring of the fertile females 
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is tropballactic, it is clearly essentially the same as the relation 
between host ?knd syniphile. It becomes unnecessary, therefore, to 
assume that in the ants and termites the primitive nursing Instinct, 
which is a mutual feeding, has been specialized or modihed during 
the phytogeny in adap^tion to particular symphiles. Slight onto¬ 
genetic modifications, well within the limits of the plastic, or “ intel¬ 
ligent " behavior of the ants, as responses to the specific organiza¬ 
tion of the symphiles, seem amply sufficient to account for the 
phenomena. 

In the second place, trophallasis is, of course, traceable to a 
mutual!Stic hunger, or “exudate hunger'* as Holmgren calls it, and 
therefore to an appetite, in the sense in whicli this term is employed 
by English psychologists. In view of the fact that psycholc^sts 
have universally regarded the appetites as very primitive and fun¬ 
damental it is rather strange that they have received so little atten¬ 
tion from the animal behavior!st. Verj’ recently, however, Drever 
(1917) and Craig (1918) have emphasized their importance in con¬ 
nection with instinct in two valuable contributions. Drever regards 
the appetites as very simple or primitive instincts or “as repre¬ 
senting an earlier stage of conscious life, w'hich in the human being 
and the higher animals, is overlaid by the stage to which the develop¬ 
ment of the specific ‘ instinct' tendencies belong,’* He enumerates 
the hunger, thirst and sex appetites, the appetite for sleep or rest, 
for exercise or activity, “nausea," or “primitive disgust*’ and 
James’ " instinct of personal isolation," Craig’s contribution is par¬ 
ticularly interesting because he reaches his conclusions from a study 
of birds (doves) and deals ivith the matter more thoroughly. Ac¬ 
cording to him the appetites and aversions are constituents of the 
instincts. " Each instinct involves an element of appetite, or aver¬ 
sion, or both,’’ Perhaps his view is not essentially different from 
Drover’s, since the most typical appetites, those of hunger and sex, 
represent the basic reactions of organisms, and what are ordinarily 
called “ instincts,” i. c., the chain-reflexes, or more elaborate mechan¬ 
ized behavior of animals, arc evidently later and superposed activi¬ 
ties that, so to speak, adopt the general movement or pattern of ex¬ 
pression characteristic of the appetites. Craig, in fact, resolves the 
behavior of animals into cycles which run their course according to 
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the appetite or aversion schema. He evidently regards se.Kiial be¬ 
havior as the Ttiost U-pical ej^prcssion of appetite. I should regard 
hunger as being certainly from a biological point of view the more 
primitive."*^ 

If we regard symphily and trophallaxis as expressions of essen¬ 
tially the same instinct with pronounced appetitive constituent or 
pattern, we can readily understand how Wasmann was kd astray 
hv the behavior of sangmm^a towards I-oiiccc/jiwaj for the appetites 
are notoriously prone to perversion. In fact, Escherich^s compari¬ 
son of the appetite of jon^iitn^a for the secretions of the beetle with 
alcoholism is not altt^ether inept. I should prefer to compare the 
anfs beha\dor with that of a cat presented with a sprig of catnip or 
of a leopard presented with a ball of paper sprinkled with oil of 
bergamot. If the secretions of the lan^al and adult Lo^neebusa 
have an analogous influence on their hosts, as is very probable, the 
apparently anomalous behavior of the latter would be readily un¬ 
derstood. It Tvotdd certainly be no more surprising than that my 
hypothetical maiden aunts prefer to have their bed-linen scented 
Avith lavender or that some of my bachelor friends prefer Havana 
cigars and dnnot be persuaded to smoke the **domestic"^ vaneti’. 

If the objection be raised that I overlook the fact that the rela¬ 
tion of to is one of host to parasite, whereas 

that betAveen the queen ant and her brood is one of parent to off- 

II I find myseH tiierefore m closet agreement with Jnnjj than w ith Freud. 
The fonner's temi lihido " seems to be practically synonymous with “ ap|>e- 
tite” in its general sense, as e. j., in the following very suggestive passage 
{1916, p. t49) : “ VVe sec the libido in the stage 01 childhood almost wholly 
occupied in ihe instinct of nutrition^ whicli takes care of the upbutiding of 
the body. With the deiTlopmeut o£ the body there are successively opened 
new spheres of application for the libido. Tlie last sphere of application, 
and surpassing all the others in its functional signjEiciuitc. is sCjtuality, 
which seems at first almost bound up w'ith tJie function of nutrition^ (Com¬ 
pare with this the influence of procreation on the Conditions of nutrition in 
lower animals and plants-} In the territoTy of sexuahty, the labtdo wins that 
formatian, the enormous importance of which has justified us in the use of 
tile temi iibido in gcncrak Here the libido appears ver>^ properly as an 
impulse to procfeation and almost in the form oi an iindififercntlated se^cual 
primal lihidd, as an enersy of growth, which clea.rly forces the indKIdual 
towards dmsiour budding* etC- (The clcareit distinction between the two 
forms of libido is to be found among those animals in whom the stage of 
nutrition is separated from the scatual stage hy a chrysalis stage.}” 
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Spring, I would reply that from a general btological point of view 
the resemblances between the two cases are still fuiidaniental and 
&ng:gesiive. This has been shown by Giard in one of his interesting 
papers (1905. ^ 9 ”)^ He says: 

Comparative ediolo^y permits us to go further anti shows us in the 
cleate&t manner that the relations between the parent and its prog¬ 

eny are in principle al)SDlately the same as ihoM which exkt between a 
para&itized animal and its parasite and that after a period of unstable cqui- 
lihriorriH 3fi which one or the other of the two organisms in contact finds 
Itself injured to the profit of Its associate^ there is a tendency to establish a 
deBnitive s^tus of mutual equihbrium in whicli the two partners find in their 
association an advantage In the struggle against the of common 

Causes of destruction, both cosmic and blonomic. 

A partial attainment of the equilibrium mentioned by Giarcl^ both 
Jn the nursing relation of ant^ and tbat of to Lomechusa 

js brought about by mutual feeding. In neither ease is the exchange 
of food between the two parties quantitatively equal, but the exu- 
tjates as SEimitli, in all probability make tip in quality or intensity for 
wiiat they lack in quantity. 

This brings us baefc to W'asmann^s amical selection which still 
remains to be considered. It has often been remarked that the 
symphiles are strangely like our domestic animals in that they live 
in a social environment where they' are protected from enemies and 
abundantly fed. In the case of the domestic animab Darwin long 
ago showed that such an environment favors the production of ex¬ 
traordinary variations, and Pearson (1897) and Trotter (1916) 
agree that w hen organisms unite to form larger biological units such 
as the Metazoan body, herds, colonies and societies, the individuals 
though necessarily limited in their evolution along particular lines 
nevertheless in other respects escape from the stabiilzing influence of 
natural selection and exhibit unusual freedom of development and 
specialization. Both the domestic animals and the sjmphlle.s ’ivhich 
really hcconie integral members of the insect societies in which they 
arc permitted to live, show this freedom in the development of un¬ 
usual structural and color cbaractcrsp as we see in albinosp peculiar 
breeds of fowl, pigeons and dogs, Paussids and Qavigerids with 
monstrous antennEc, ant-chalcids like K a pain and IsOinerQiia, wHtli 
huge thoracic spines, etc. Simitar phenomena arc common in many 
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ecto- and entoparasitea which are intimatdy associated with their 
hosts {c, g^, Saccvltm, many Copepods, Isopods, tapeworms, etc.). 
The origin of these strange characters is evidently spontaneous, or 
mutational and dependent on the favorable conditions under which 
they arise. In the case of the domestic animals we know that the 
unusual characters are being continuously and rapidly perfected and 
established by man's selective activity. It docs not follow, however, 
that the analogous deveiopments of sympliiles are the outcome of a 
similar activity on the part of the ants and termites. The resem¬ 
blance of the aberrant characters of symphiles to h}'pertalic" 
structures in many other insects has been noticed by Dahl. That 
the phenomena in both cases are due to the same cause, f. c,, the re¬ 
laxation Or suppression of natural selection, is much more probable 
than Wasmann’s contention that the ants take the same interest in 
breeding Pattssids and Oavigericis with extraordinary antenns that 
we do in breeding lop-eared rabbits and fan-tail pigeons. Xor is 
there any evidence that even the biologically useful characters of the 
symphites, namely their tnehome glands and exudate tissues, are 
engenderetl or perfected by amical selection. The truly amazing 
cases of convergent or |>aralle1 development of these structures in 
symphites belonging to the most diverse genera is, in all probability*, 
attributable to the adaptive activities of the symphilcs themselves, 
just as we attribute the convergent development of hooks, suckers, 
hermaphroditisni, blindness, etc,, in entoparasttic worms or aptery 
in ectoparasitic insects, such as lice, fleas, Polyctenids, Xycteribids, 
etc., to the parasites themselves and not to specifically selective 
efforts on the part of the host organisms. 

Holmgren accepts Wasmann's amical selection and carries it a 
step further in his contention that it accounts for the development 
of the various castes in the termite colony. He says {1905, p. 200) ■ 

If now tKc above described eoimecdon betuem feeding and exudate 
sMreUoa holds good, so ttiat the quantity of exudate secretion dclennlnes 
the kind of feeding, it would seem to be self-evident that the exudate secre¬ 
tion IS intimately connected with the development of castes, for Grass! and 
Sanriias have showti that feeding is probably to be regarded as a factor in 
^tc development. And if, therefore, the exudate secretion is the cause of 
feeding wc must regard it as the cause of the differentiation of the various 
castes. 
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That tilts opinion is no longer tenable, at least in the form m which 
it is stated, is shown by the observations of Bugnion (1912), who 
has proved that the soldier and worker castes of £t(terJii« are deter¬ 
mined in the egg. and the observations of ^liss Thompson (19*?)' 
who has been able to distinguish the sexual from the sterile castes 
of Leinrol«-mi's fiavipcj at the time of hatching. Holmgren's thesis 
could he accepted only on the assumption that the effects of feeding 
had been carried hack during the long pliylogeny of the termites into 
the embryonic stages. Incidentally it may be said that his other 
statement in regard to the development of the compicmental or 
neotenic males and females in the termite colony refer, not to the 
development of castes, but to the ontogenetic growth of the exudate 
tissues, a process which is exhibited in the most extraordinary 
manner during.the imaginal life of the true queens of many species. 

In conclusion it may he interesting to note in connection with the 
development of the social habit of insects from a trophallactic rela¬ 
tion between parent and progeny, that the social or gregarious in¬ 
stinct in man has also been regarded by some authors as an appe¬ 
tite. Drever (1917) cites the early British philosopher Hutcheson 
^“^jiture and Conduct of the Passions, Sect. 4 f tyaS) as classi¬ 
fying the gregarious instinct among the appetites, and referring to 
lIcDougal’s Interesting comments on gregariousness (igio), he says 
(p. 184); 

'There is in the instintt itself something which suggests such a view 
[as ilcDougal's], somethinK which might even 3«il the psychologist to main¬ 
tain that it belongs to the "Appetite” group in our system of classificatior, 
an opinion lo which Gallon's description [of the wild ox of Damaraland 
which cannot endure cv'en a momenlaty severance from the herd) wmild lend 
some support. Ttiere is indeed something primordial about the whole experl- 
race invotved in tht opcr^atlon of Epc^rlous instinct. 

The fact that higher gregarious and social animals are satisfied as 
long as they are with their fellows but become uneasy when isolated 
IS cettainty very suggestive of the appetitive type of behavior.*' Ifi 

^5 As Trotter says (19^6). '' In intcrtireimer into mental terms tbc cMse- 
quences of grei^aTlousncss, we may convenieutly w'ith the simplest The 

s^rtscions mdEvideal will feel an unanalyzable prlmao' sense of comfort in 
the actual presence of his fellows, and a similar sense of discomfort in tbeir 
absence. It will be obvious tmlh lt> him that It is not good for the man to 
be alone. Loneliness will be a real terror, insurmountable by reason." 
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this connection some oi Le Dantoc®s recent writings are of consid¬ 
erable interest. In a footnote (p. sSS) at the end of "Les InRuences 
Ance&trales” (1917) he asks: 

Docs maternal love, whkk has ^sumcd such grcal moral EJgnificance 
m the human species, originate among the females of the Mammalia as the 
desire (soup) to rid tliemselves of their mitk? 

A similar tendency to show that the social relation in tiian has an 
egoistic instead of an altruislTC foundation is even more forcibly dis¬ 
played in his startling not to say shockin^^ volume entitled 
^M/f^goisme Seiile Base de Toiitc Societe” (1916).^® 
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DEVELOPMENT OF MAGNETIC SUSCEPTIBILITY IN 
MANGANESE STEEL BY PROLONGED HEAT 
TREATMENT. 


By CHARLES F. BRUSH. 

During the past three years I have had the honor of presenting 
several papers on " Spontaneous generation of heat in rccentlj hard¬ 
ened stecl/'^ showing that all the specimens treated spontaiicously 
generated heat in easily measurable quantity after hardening by 
■quenching in water at various temperatures above the critical tem¬ 
perature of decalesccnce. Carbon tool steel, '' high-speed ” tungsten- 
chromium steel, and several specimens of nickel'Chromium steel 
were tested. In all cases the generation of heat was most pro¬ 
nounced immediately after quenching and diminished rapidly, 
though it continued observable a week or more. Getterafion of heat 
was always conditional on true hardening, by quenchttig at a tem¬ 
perature above the critical point, except in the case of one of the 
nickel-chromium specimens. Here moderate, but unequivocal, gen¬ 
eration of heat followed quenching at a temperature jusE bel&m the 
critical point, reached by faiting slowly from a higher temperature 
through full recalcscence. While true hardening could not have 
occurredp yet there was a w^elLmarkcd ** slifFening or incipient 
hardening of the metal as sbowm by subsequent hardness tests. 
When, however, the same steel, after annealing, was slowdy 
to the same temperature (but not above) and quenched, no genera¬ 
tion of heat followed. In this connection another interesting phe¬ 
nomenon developed a$ follow^s i When the same lot of nickel-chro¬ 
mium steel, after annealing, was quenched at several successively 
higher (rising) temperatures, but all below the critical temperature. 

Am. Phil. See,, VoL LiV„ No, 217. May-July, igis. Fhys. R^~ 
uwTV, N. S,, Vol. IX., No. 3, March, 1317, Free. Ri>yA Sec.^ Series Vot 
03^ No. 64^ Apl. 2, 1917. JoiiU paper with Sir Robert 
Am. FhiL Vol LIV., No, 4 1917, 
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each quenching was followed by a but distinct abs&rpthn of 

heat. 

The phenomena above outlined appear to be new, and have 
aroused the interest of some eminent meullurgists, among others 
Sir Robert A. HadbeLd, who kindly furnished all the specimens of 
nickel-chromium steel employed^ and to whom I am greatly indebted 
for joining in some of the later work, and incidentally confirming 
the most important of my findings with different apparatus of his 
own design. 

The foregoing outline of former work is introduced here because 
it underlieSt and i& closely associated witb^ the subject matter of the 
present paper. 

Sir Robert Hadfield long ago $ugge$ted that interesting results 
might follow similar experiments with manganese alloy-steel (with 
which his name is so intiniately connected). 

As is well kitOAvn, this remarkable steel U exceedingly tough^ and 
difficult to work ivith machine tools though not hard; its softest and 
toughest condition is brought about by water-^quenching at a high 
temperature* after which it is almost completely non-magnetic; it 
has no critical temperature, and hence cannot be hardened in the or¬ 
dinary sense; when heated a long time at a moderate temperature it 
becomes magnetic, loses much of its tensile strength, and all its 
toughness, and becomes brittle and considerably harder. 

For the purposes of the folloiving experiments Sir Robert Had¬ 
field sent me 19 numbered bars of his manganese steel, each 6 inches 
long and iiich in diameter (round), all cut from the same long 
bar and ground to size after treatment. 

Following is his spedficadon^ 

—C* i.lB per cent; Si, .14 per cent.; Mn, 12.29 per 

cent 

Bars I to 6, As forged- Non-magnetic. 

Bars 7 to 12, Toughened by water-quenching at 995'' C- Non-mag- 
netic. 

Bars 13 to iS, Toughened as above* then reheated to 500® and kept 
at that temperalure 63 hours. Magnetic. 

Bar 19, Treated like 13 to iS, then reheated to 995® and water- 
quenched. Non-magnetic. 
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I careful!)- tested one bar of cacli dcscriptioti for sderoscope 
hardness, with following results: 

Bar No, i (as forged). Hardness 37.3- 
Bar No. 7 (toughened). Hardness 28.5. 

Bar No. 15 (toughened, reheated). Hardness 51A 

Bar No. 19 (toughened, reheated, retougliencd). Hardness 39. 

Each of the above hardness numbers (and those to follow) is 
the mean of at least ten consistent measurements made on the care¬ 
fully ground, horizontal end surface of the bar, a fresh spot being 
used for each measurement, 

I subsequently heated bar No. 13 to 1074* and cooled (annealed) 
in the furnace. Its hardness, which presumably had been about 
like its companion No. 15, was then ^.8, and it was non-magnetic; 
seeming to show that quenching at high temperature, and annealing 
from a still higher temperature, gives the same hardness and non¬ 
magnetic condition whatever previous treatment may have been. 
The hardness of bar No, 19 seems to contradict this conclusion, in 
respect of hardness, but it was quenched at a very considerably 
lower temperature. 

In the following experiments ten of the 6-inch bars of manganese 
steel were used, so as to approximately equal in weight the twelve 
5-inch bars of other steels employed in former experiments. 

First quenching: Bars i to 5 and 7 to ii (lo in all) were heated 
in an electric muffle furnace to 1013® C. and quenched in water. 
This treatment was followed by no appreciable generation or absorp¬ 
tion of beat when tested in the calorimeter employed in former ex¬ 
periments and described in the earlier papers referred to. 

Hardness is-as now: Bar No. t, 30! Bar No. 7, 28,3, showing 
that the first lot “ as forged " and the second lot “ toughened” were 
brought to substantially the same ** toughened” condition. 

Second quenching: The ten bars were again heated to 1013°, 
allowed to cool in the furnace to 8oo° and quenched. Again there 
followed 00 appreciable generation or absorption of heal. 

Hardness was now; Bar No. i, 27.6; Bar No. 7, 26.3. 

Third quenching; The bars w'ere heated lo 818°, allowed to 
cool in the furnace to 607*, and quenched. There was no subse¬ 
quent generation or absorption of heat. 
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Hardness was^ Bar No. I, 26.3 ; Bar No. 7 » 

The ten bars were next healed slowly to 645° allowed to 
cool slowly in the furnace to room temperature. 

Hardness was; Bar No. ?• ^ 5 - 9 - 

All the bars were now very moderately magnet ICp though b their 
softest condition. 

The foregoing quenching temperatures were failkig ones. The 
following quenching temperature was a rising one, from the an¬ 
nealed condition last described. 

Fourth quenching: The bars were heated slowly to 615* and 
quenched. 

Hardness was now^t Bar No. I, 38; Bar No, 30.3. 

Notwithstanding this conslderabte increase of hardness, there 
followed no appreciable generation or absorption of heat. The bars 
remained very moderately magnetic. 

The results of the foregoing experiments make it highly prob¬ 
able that no spontaneous generation or absorption of heat can be 
brought about by quenching this mangane$e steel at any tempera¬ 
ture, rising or falling, while in its normah useful uon-magnetic con¬ 
dition, But It was thought worth while to make further experiments 
with the steel in lEs magnetic condition and, incidentally* to study 
the development of this maguette condition during the prolonged 
moderate heating necessary' to bring it about. The latter study has 
proved so interesting that I have pursued it to considerable length 
and made U the titular subject of this paper. 

The apparatus employed in the following study consists, in part, 
of a vertical cylindrical electric furnace heated by small spirals of 
"nichrotne^^ w'ire carrying alternating current regulated by a 
rheostat. The heating spirals are so disposed as not to produce any' 
magnetic field inside or outside the furnace. Instead of the usual 
sheet-iron casing, this furnace is cased with sheet brass slotted longi¬ 
tudinally to prevent induction currents in it when the external mag- 
netiaing solenoid is excited. The furnace is surrounded by a 
solenoid 16 inches inside, and 20 inches outside diameter* and 4 
inches long (high), consisting of 36 o turns of No. 12 insulated 
copper wire wound in two equal coils adapted to be placed in series 
or parallel rebtion by means of a suitable swdtch. The axes of the 
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furnace and solenoid arc coincident- The solenoid is excited by 
current from a 65-volt storage batterVp controlled by a rheosEatp and 
the circuit is closed and opened by a switch which breaks simul¬ 
taneously at three points in series^ so as to avoid the destructive are 
which would occur at a single break. An ammeler and reversing 
switch are included in the line. 

A single turn of asbestos-insulated platinum wire is located in 
the furnacCp and the ends of this loop are connected by a twisted 
cable with a ballistk mirror-galvanometer of 600 ohms^ resistance. 

When the solenoid circuit is doaedt a brief electric current is 
induced in the platinum loop in the fumace and causes a minimum 
swing of the galvanometer scale easily read with considerable pre¬ 
cision. 

Wlicn a bundle of ordinary steel or iron bars is placed within the 
platinum loop the galvanometer deflection is* of course, many times 
greater^ and is fairly proportional to their magnetic susceptibility* 
after deducting the minimum deflection, due to the platinum loop 
alone, and when the excitation of the solenoid is not too small or 
too great. In the following experiments with the manganese steel, 
9 amperes was found to ba suitable exciting current with the solenoid 
coils in series. Small variations of exciting current were reduced 
to this value in computing results. Residual magnetism was meas¬ 
ured by the usual method of reversals* and allowed for. 

The above described apparatus was originally designed and 
constructed for a rough study of the magnetic properties of metals 
and alloys at temperatures up to and above their melting points p and 
has proved very useful, A high-temperature fumace with slotted 
brass casing is included in the general outfit. 

Preparatory to the following study of magnetic susceptibility of 
the manganese steel brought about by prolonged heatingp ten half 
inch round bars, 6 ** longp of Swedish charcoal iron were placed 
within the platinum loop in the fumace, and the galvanometer de¬ 
flection was repeatedly observed when the solenoid was excited by 
various amounts of current. Nine amperes was found to give con¬ 
veniently large deflection* which was closely proportional to the 
current through a wide range about this value. This condition was 
also found approximately true when the manganese steel bars, made 
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magnetic by heating, were 5ub$e<jtiently substituted for the chatcoal 
iron. 

In the following experiments galvanometer deflection^ less that 
amount due to the platinum loop alone, is taken as the measure of 
magnetic susceptibility* and the susceptibilitj^ of ihe Swedish “iron 
is used a$ a standard and assigned a value of lOQ. All other values 
are reduced to and expressed in terms of this standard. 

As a preparatory' measure, the ten bars of manganese steel w'ere 
brought to their softest and" toughest condition by quenching at 
IOOO^ 

Hardness was: Bar No* i* 26.71 Bar No. 7^ 25.8. 

All the bars were quite free from any trace of magnetism. 

The bars were next placed within the platinum loop in the elec¬ 
tric furnace and heated 170 hours to a temperature fluctuating be¬ 
tween 505* and 5 ^ 5 The grow'th of magnetic susceptibilityr is 
plotted in the curve showm in Fig* I. There is no doubt that the 



cur^'e Avould have been smoother if the teniperature had remained 
constant. It was intended to use about 515* temperatureT and it 
was held near that value by the rheostat during the first few hours 
Subsequent fluctuations were due to variations of voltage in the 
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alternating: heating current. The higher temperatures usually oc¬ 
curred in the latter part of the night, and were always accompanied 
by more than average rise of susceptibility. But the large depres¬ 
sion in the central part of tlie curve is thought to be due to some ob¬ 
scure cause, and not to temperature variation. 

The entire absence of growth of susceptibility during the last 50 
or more hours prompted the belief that the steel had reached a stable 
condition at the temperature of treatment, aud led to the discontinu¬ 
ance of this experiment- Permanent niagnetism, which had been 
considerable while susceptibility was rising, fell off very much dur¬ 
ing the last two Or three days. 

Fifth quenching: At the end of 170 hours the bars were 
quenched, after which they exhibited moderate, but typical and un¬ 
equivocal generation of heat. 

Hardness was: Bar No. i, 4^,1; Bar No, y, 47,2. 

This great increase of hardness (from 26,7 and 23,8 in the an¬ 
nealed condition) brought about by the long heating, doubtless ac¬ 
counts for the spontaneous generation of heat observed. 

During the long heating the bars acquired a rather thick coating 
of black oxide which peeled off almost completely in quenching, 
leaving clean metal surface. The oxide was strongly magnetic; but 
its weight was so small, compared with the total weight of the bars, 
that it could not have affected, materially, the foregoing magnetic 
observations* 

The bars were again placed in the furnace and heated to a higher 
temperature than before, fluctuating between 59^* 
first 90 hours (from 170 to 260 hours^ reckoned ftom beginning of 
treatment)* 

The rcistilts of this procedure are plotted in the first curve of 
Fig. 2. It is seen that magTietiG susceptibility started at a very con¬ 
siderably higher value th^n it had at the end of the previous treat¬ 
ment. The reason of this increase during the interv^ening few days^ 
without heating, is not clear^ It may have occurred at the moment 
of quenching; or^ more likely, during the period of spontaneous heat 
generation which followed the quenching. 

The curve shows a veiy^ regular^ but steadily diminishiug, growth 
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of susceptibility at this higher tenipcrattire, until it reaches nearl3'‘ 
double the value it had at the end of the previous treatment. 

Fig. 2 shows that at the 26o'hour point of total treatment the 
temperature was quickly raised about 25*, i e., to 619", and con¬ 
tinued at that point about ten hours. This moderate rise in tem¬ 
perature brought about a sudden and very considerable fall in sus¬ 
ceptibility, approaching stability at the end of the ten hours. 



Fic. 2. 

When the temperature was next quickly lowered to its former 
value and then continued to the end of the experiment, 175 hours 
(340 hours total), there was at first a sudden rise of susceptibility, 
followed by steady growth as before. All these changes are clearly 
shown in Fig. a. 

Great sensitiveness to temperature change is indicated at about 
600“. 

Sixth quenching: At the end of 344 hours, total, of treatment, 
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the bars were again quenched. This was followed by very litUe, 
if any, spontaneous generation of heat. 

Hardness was: Bar No. l, 3^.4; Bar No, y, 36.2, 

This shows a very considerable softening since the last quench¬ 
ing, nottvithstanding the large increase of magnetic susceptibility. 
The softening may account for the absence of heat generation after 
the quenching. 

The magnetic susceptibility of the cold quenched bars was almost 
the same (slightly lower) as before quenching. 
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The ten bars were again heated, slowly this time, to 59 ^* ^**d 
held nearly at that temperature until the 3Sist hour of total treat¬ 
ment, as shown in Fig. 3. Susceptibility rose slightly, reaching its 
highest value, 6S.5. As this is comparable with the susceptibility of 
ordinary steel, the manganese had apparently almost completely lost 
its iufluence. 
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At this Stage it was thought that decalescence might possibly be 
brought about by cautiously raising the temperature, and the effect 
of doing so is shown in the great and nearly vertical drop in the sus- 
ceptibilty curve. The stations in this part of the curve represent 
observations at half-hour intervals, indicating two hours for the 
total drop, wHth the temperature steadily rising to the raaximmn 
of 692®. 

It seemed clear that decalescence was not taking place, because 
loss of susceptibility was far too slow in time, and the maximum 
temperature reached was not sufficiently high. Probably the man¬ 
ganese was simply resuming its sway. 

The temperature was next rapidly lowered to 605*- 59 °*> bringing 
on a rapid recovery of magnetic susceptibility, amounting to 30 
points in at hours as shown. 

Again the temperature was raised, but much more rapidly than 
before, resulting in a much steeper drop in the curve, the observa¬ 
tion stations shown representing only five-minute ioten'als. 

Seventh quenching; At the end of the curve shown in Fig, 3 the 
steel bars were quenched at 687°. Subsequently there was no trace 
of generation or absorption of heat. Hence it is viitnally certain 
there had been no decalescence. 

Hardness was: Bar No. 1, 42; Bar No. 7, 41.8. 

Sir Robert Hadfield long ago assured me that the study o'f 
manganese steel is full of surprises for the investigator. 1 have 
experienced some of them, and hesitate at present to draw definite 
conclusions from the results of the experiments just described. The 
manner in which the manganese operates in completely obliterating 
the magnetic quality of seven times its weight of iron is, so far as I 
am aware, not yet known; and the instability of the alloy or, prob¬ 
ably, mixture of alloys, in which the carbon present may play axi 
important part, at about 600® temperature as herein shown, is most 
remarkable and promises a fertile field for future investigation. 

I am contemplating the study of a similar ferro-mangartese alloy 
free from carbon. 

CmiMwa, 0., 

April, 


PRELIMINARY NOTES ON SOME NEW SPECIES 
OF AGARICS. 

By GEO. F. ATKINSON. 

April 19, 19 iS.) 

Amanita brunnescens nov. sp, Gregaria vd dispergens, 8-15 cm. 
atta: pileo convexo deir expanse, fuligineo-brunneo, 4-;9 cm. lata, 
subumbonato, in centre obsctiriore, ad margtncm pallidiare ct fre¬ 
quenter bnmneo virgata vel maculato, e calypira volvae floccoso 
squamoso, squamis albis vel pallido-ochraceis, interdum tnargine 
pile! albo, rare pileo alba, matura margine pilei interdum striatulo: 
lamellis leniter attigentibus, albis: aporis quatemis, albis, globosis, 
S-io/i : stipite albo, abnipte bulboso, floccoso-sqtiamuloso, 4-10 mm. 
crasso: annulo ample, rnembrarteo, supeiiore, albo vel pallide albo, 
demitm murinot bul^ stipitis 2-3 cm. craaso, ma^ne bulbi limbo 
volv<e curto, acute pradito. Stipite, bulbo,. et interdum came pilei, 
tactu brunnescens. 

This is one of the most common species of Amanita in the eastern 
United States, and I have observed it for many years. It is usually 
interpreted as a dark brown form of Amanita phalloiJes, For a 
number of years I have regarded it as a distinct species. Typical 
Amanita phalhides which I have collected in France has been com¬ 
pared and confirms this opinion. The spores of typical Am. ptial- 
hides are subglobose to oboval or subellipsoid, and bruises do not 
change to a reddish brown color. The American plant being a dif¬ 
ferent species may account for different results, obtained in chemical 
analyses, from those reported for the typical Amanita piialloides of 
Europe. 

No, 24277, type, C. U. Herb., ground, woods, west of Cayuga 
Lake, near Ithaca, N. V. July 30, 1917- Leva B. Walker collector. 

Amanita pachysperma nov. sp. Gregaria vel dispergens, 4-5 cm. 
alta: pileo campanulalo dein convexo, umbonato, 1,3-2 cm. lato. 
cinereo, e calyptra volvae dense et minute squamuloso, margine ad 
umboncm striato, came tenue: lamellis albis. ellipsoideo-vemricosis, 
basidiis abropte clavatis.35-45X la-iafiisporisbitus.subellipsoideo- 
obovalibus, II-I 5 X&-IOP. sed 20X8, 18X12. 12X8, II X8, 
10X7, uniguttulatis: stipite albo, leniter bulboso, fioccoso-squam- 
uloso, 3-4 rum. crasso: annulo membranco, albo, superiore et per- 
sistente: limbo volv* libero, persistente. 
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In shape and color resembles Amaniia cmerea Bres. (Fung. Trid, 

I, 7^ pL I, iSSi), hut spores larger^ basidia two-spored, and stria- 
tions on pilous more extended* 

No. 3/11* type, C. U. Herb., in sandy ground in woods. Blowing 
Rock, Watauga Co„ N. C. Aug. ig^Sept. 19. i899' G- Atkinson 
collector, 

Hypholoma comatum nov, sp. Gregarium vel dispergens, 3-5 
cm. altum: pileo ovali deJn tampan iilalOp albo, demum nigro^riseo 
et leniter striatiilato. 0.5-1.5 an. lato, adolescente radiatis hyphis 
dense pra:dito,dein seriteo-fibrillosOp margine appendicutato ^ lamellls 
slipile adnatis, elJipticis,ci nereis dein dnereo-nigrescentibns: cystidiis 
solum in acie lamellarum, numerosiSp clavato-ventricosis vel subcylin- 
dricis, memhrana tenui, 4Q-55X ro-i2|i.: spons quatemis, anguste 
suIxrlltpsoideiSt purpureo-brunnei^ vei purpureOh-nigre^entibuSp levi- 
buSp i2-r4 X ^7^*: stipite aequali, albo, bulbilloso, recto vel flesuoso^ 
fibrilloso-squamoso, 1-1.5 rnm, crasso. 

No. 24195, typCp C. U. Herb., on ground on humus and buried 
twigSp lawn hy East Ave.. Campus, Cornel] University, Ithaca, N. Y. 
July 16, 1917. G. F, Atkinson collector, 

Hypholoma confertissimum nov. sp- Dense caespitosum, 8—12 
cm. altum et 10-20 cm. latum: pileo ovali dein convexo, i“3.5 cm. 
latOp bygrophanp, pallide argillaceo, demum pallide ochroleuco vel 
pallide albo, in centro argillaceo et rugwloso, velt> universati albo- 
floccoso, demum pileo fibrilloso-squamoso et appendiculato et pallide 
cinereo-brtmneo maculato vel virgato: lamelUs stipiteadnato-adnexis, 
demum tiberatis, ellipticis, confertissimis, dnereis deiti purpureo- 
brunneiSp acte alba: cystidiis in superficie et a tic kmellartim sub- 
fusoideis-ventTtcosis, 35-50X11-14/^: sporis quaternis, purpureo- 
bnmneis, levibus, 5-^7 X 2,5-3/t: stipite ^uaJi* rqtto vel flexuoso, 
albOp tavo^ albo-ftoccoso-squamoso^ fragili, 3-5 mm. crasso, mem- 
brana mycclti oriente. 

No, 35063, t>pe, C. U, Herb., tufts of 50-100 individuals from 
dead roots or buried wood, in forest of mixed hard woodp Hoop Pole 
RidgCp west of Oakland, Md, Sept, 24, 1917, G. F. Atkinson col¬ 
lector, This species is related to Hypoloma a^^regatum Peck, but 
differs in its smaller spores, different cystidia^ yellow mat of my¬ 
celium, etc* 

Lactarius nigroviolasceas nov, sp, Dispergens, 5-6 cm. alius: 
pileo 3-5 cm. alto, convexo* incurvato, demum expanso et in centrum 
depresso, interdttm umbonato, atro-brunneo, demum fulvo-olivaceo 
et in centro obscuriore, pruinoso et rugubso: margine pLIei demum 
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striato €t crenatoj lamdlis^ stipite adnatis in lineis deairrentibu$. sii^ 
di stantibus, albis defn ochraceis «t obscurioribus j sporis quatcmis, 
subglobosis: echiniiktisp 8-10/1: stipitc squati, pileo concobte, 
minute et densissime tojnenEulQSO j kcte cariieqiie oulci, albo, coo- 
tactu adris nigro-violascente. 

No. 24257, t>TCp C- u. Herb,, ground, woods. Coy Glen near 
Ithaca, N, Y. July 25, 1917. Leva B, Walker collector. Related 
to Lactarius fuligxnostis. 

Lactarius villosozonatus nov, sp. Dispergens vel subcespitosusK 
3-5 on. altus: pileo S-ra cm, !ato, ochraceo vel oebtoleucop villosoi 
zonato, convexo et depresso, dcmum infiindibulifonne: margsne 
pitei fortissime ineurvato^ dernum cxpanso ct promincnler crenato: 
lamellis stipite adnexis et sinuatiSp angustis, subdistantibus: sporis 
subglobosis vel lentter elongatis, ochinulatis, vel S-io 

X iO-12/x; stipite glabrop 1.5-3 cm. crassot lacte ex hyalino brun- 
nescentep tarde acri. 

No. 20215. type, C. U. Herb., ground woods. Port Jefferson, L, I,, 
N. Y. Aug, 26-Sept. 2p 1904 G,.F, Atkinson collector. 

Lepiata rhombnspora nov. sp. Gregaria vel solitaria^ 3-4 cm. 
alta: pileo conveso, mm. latOp I cm, altOp adolescente ochraceq- 
fulvo, demum ocliroleuco granuloso et squamuloso: sgoamulis celliS 
rolundatis vel obovatis vel pyriformibus prseditis: l^nieHis stipite 
adnatSs vel adnexis, sinuatis, ventricosiSt argillaceis: cystidiia solum 
in acie lamella rum, lanceoideis, 24-32X1^ ft: sporis quaternis, bi- 
iatemlibus, albb^ a fronte rhomboideis et utrim^ue acutiusculis, a 
latere inequilateraUbus^ levlbus, 4 -SX 3 - 4 f*- stipite squalid pilCO 
cortcolore, granu1o$Q et squamuloso. 

Nos. 24323 and 24324, C.U.Herb., in edge of mixed woods, 
on leaf mold, by Stewards Camp, Seventh Lake, Adirondack Mts. 
Aug. 16 and 2E, 1917. F- C. Stewart collector. 

Pholiota retiphylla nov, sp. Gregadap 2-3 cm. alta: pileo 
laterltio vel vinaceo-cinnamomeOp 1-2.5 lato, convexo dein ex- 
panso, sericeo-tOmentosulo, margine iucurvato, came vinaceo tincta: 
lame] I is stipite adnatis, leniter emarginatis, angustatis, conlertissimis, 
vinaceo-rufis, superRcie lamellarum venosa et reticulata: cystidiis 
nullis: sporis quaterniSp subovalibus, levibiis, rufo-luteis, 5 ^ 5 “? 
X 4 - 4-5 stipite interdum bulboso, demum seqnali, fibroso-striatOp 
cavo, came vinaceo-tincta 4-8 mm. crasso: annulo mebranaceo, tenui, 
vinaceo. 

Ko. 18540, type, C. U. Herb,p on very rotten moss-covered log^ 
woods, Malloiywille moor between McLean and Cortland. N. Y. 
Aug^ iSp 1904. S, Jackson and H. H. WTietzel collectors. 




THE GENUS GALERULA IN NORTH A^IERICA. 

Bv GEO. R ATKINSON, 

{Read April /p, 

Gatemla^ is a genus oi yellow-sporcd Agaritace^e including 
small plants or those of medium size^ but slender in form, and 
fragile. The species have no claim to rank of ccoiiomic importance, 
while tlieir ecological role as saprophytes is not large, owing to the 
comparatively small number of individuals. Many species are usu¬ 
ally associated with mosses on logs or ground in the woods or 
swamps. A number of species occur on dung heaps or in recently 
rnatiured grass lands. The larger number of species are some shade 
of yellow, or tawny, or ochraceous. In taxonomic works the genus 
is usually divided into sections according to external characters and 
ecological relations. By this method the species arc not grouped 
according to their real affinities, and in a few cases forms not closely 
related are assembled under a single specific name. 

A high degree of internal structural differentiation has taken 
place in the evolution of the species. lo the present study this 
vantage point has been employed to group the species into sections 
more nearly in accord with their true relationships. 

In some respects the genus, as usually recGgnired, occupies the 
same position in the yellow-spored Agarics that Mycena does in the 
white-spored group. The pileus is usually canipanulate; the stem 

1 Cffffra Bbme, Bifdrr, 415, 1825. is empbyed for a genus of orehids^ 
Galrraft by Fries in a: 364, 1S21, a tribe of Agari^us^ was raised 

to gcjierte rank by Quelct in Champ. Jura et Vosges” ijj). There* 

fore w^hile Caters Fries antedates CaUra Blume by four yeara^ it wg^ used 
as a subgenus, or tribe, cannot take preoedence over Catera Bbme, in 
accordance with rule 49 of the lintematioiial Rules for Botanleat Ncnieficla- 
ture. Gaierula was emploj-ed by Kariten (Bidr, F(ni NqL Fotk.^ 5a, 44:2} in 
1870 as a gentis for several species which he separated from Cattra^ Gatemla 
Karsten U employed here In the broader sense of the genus with practically 
the same limits m used by Murrlll in 1917 N. Am~ FI.," 10, 161^ 

piKK. jk^aoL pan.- wc^. I’Ou lvu, v. Accsijst 19, 19 iS, 
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has a cartila^nous rind; in the young stage the margin of the pikus 
is straight, lying parallel with the stem* h e., the margin not being 
incurved; a distinct veil is usually absent, or if present it is not 
usually of sufficient tenacity to form a distinct annulus on the stem. 
This feature of the straight pileus margin is often difficult to deter¬ 
mine ^ since, in many cases, the number of individuals of a species 
collected is often loo few, and they are in a loo advanced stage of 
development to determine the relation of the pileus margin to the 
stem. >^evertheles5i to one possessing some familiarity with the 
genu-s the external form or habit'' of the plants, taken in con¬ 
junction lYith their color, serves in a large number of cases as a 
reasonably sure provisional means of differenliation from the related 
genera. 

Its some weU-recogniaed species of the genus, however, the 
margin of the pileus is incurved in the young ,stages and never be¬ 
comes straight. A notable example is GaJerhla anguslkcps. Fur- 
Ehermote, there appear Eo be structural characters of great impor¬ 
tance vrhich indicate that certain species with a convex plleus, or a 
few with the margin incurved when young, are more closely related 
to the Galemh type than to other types^ for example, certain species 
winch, on the bai^is of the “ habit principle w ould fall in the genus 
P!utc<>hts, or even HcbckmO'i while a few species placed 
in ffa/rrw/e because of the habit” formula, are excluded when the 
morphologiciilj or structural, principle is employed as the basis of 
determining relationships. 

On the basis of the nxjrphological principle the species can be ar¬ 
ranged in two groups. First, those in which the pilcus is liomo- 
geneou s, an d sec ond, those in which the pi leus is corticated. This prin¬ 
ciple of grouping ihe species was, in fact, employed a quarter of a 
century' ago by Fayod=“ who carried the principle still further by 
recognizing t^vo generic concepts. He recognized Cmwcyb^ for the 
species with a corticated pileus^ and (jufcrct for those with a homo¬ 
geneous pileus. 

In his concept of the genus Cciw^ybe^ the cortex of the pileus 
was merely indicated as pseudoparenchymaEous.” This definition 

spayod V., “ Frodromt d'une histoirc naturelte^ dej Agariclnes " Ann^ 
Sci. Nai. Sat, VII,. 181-411, 1B89. 
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of the Cortex does not appear to be svtfficiently clear, and does not 
separate the true species of this section of Cakrula from species of 
iVflHcofifl and Hebeioma having a more or less pseudoparenchymatons 
cortex. According to the principle followed in the present arrange¬ 
ment, the cortex of the pileus in this section of the genus is more 
highly' differentiated than the simple pseiidoparenchymatous cortex. 
There is an outer layer davate to pyriform cells, in the young stage 
forming a more or less definite palisade layer. In age these cells 
in certain species sivell to a large sire, as well as certain cells beneath 
this layer, so that the cortex takes on a pseudoparenchymatous 
aspect, blit close examination shows the large pyriform cells of the 
surface, and it can be seen that the pseudoparcnchvma is of a dif¬ 
ferent origin and striiclurc from that which I have termed simple 
psendoparenchyma in certain species of A'aucaria and Hcbehma. 

Still further dififfirennation is manifest in the structure of the 
laniellae. All species recognized here as belonging to Galefula are 
provided with specialiaed cells in the hymeniuni, usually termed 
cyjtfdfa. These vary in form and in their distribution on the 
lamellae. They will not be discussed in detail at the present lime- 
In the synopsis of the species presented below their form and ar¬ 
rangement is clearly indicated. The species with a corticated pileus 
are regarded as more highly specialized, those of the last section 
having reached the highest stage of specialization with corticated 
pileus and lecythiform or stopper-shaped cystidia. This specializa¬ 
tion is further indicated by the large number of species with two- 
fpored basidia. 

There appear to be rather clear evidences of progression in de¬ 
velopment from the simpler forms of the species with a homogeneous 
pileus, and diverging in two lines, one line culminating in the corti¬ 
cated species, the other fine retaining the homogeneous structure of 
the pileus, Galtrula augusticeps^ proves to be an interesting species 
in this connection. Some individuals have the pileus homogeneous in 
struelure, while others sbmv a nidimentar)' cortex of the Galerula 
type. It is therefore placed in both of the principal groups in the 
synopsis. After a critical study of the species in allied genera has 
been made, it may be possible to make some suggestions concerning 
the'relationships within the group. 
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This structural study of the genus Galeruh in North Asnerica is 
based on an examination of material collected by myself during many 
years in this country^ and in Europe. The latter material was col- 
lected principally in Sweden and France. The determinations were 
confirmed or made by Dr. Robert Fries* son of Elias Fries for the 
species from Sweden^ and by E. lioudier for the species from 
France, Through the courtesy of the State Botanist, Dr. H, D. 
House, I have had the opportunity of examining Dr. Pedc's types in 
the State Museum at Albany. Through the courtesy of Dr* N. L, 
Brittou* director of the New York Eotanical Garden, and Dr. W. A. 
Murrilh I have examined also nearly all of the types in the Her¬ 
barium of the N. Y- Bot. Card.* and some European species. 

There are 58 species from North America in the following 
synopsis. 

SYNOPSIS OF THE SPECIES. 

PrLEUS HOMOGENEOUS. 

Cystidia flask-siliAped-laatcoloid-fuaflid- 

Cystidh &n ^ides md edges of 

L 

Galenila besaeyi (Pk.) ^lurr. N. Am* n. lo, 163* igry* 

Galcfn hesseyi Peck, X. Y. State Mus. Bull. 131, 3 Sp P’- 5 ^ ^ 5 "^^ 

1909, 

. Nebraska. 

Galemla hypnorum {Fr. emend. Pat.) Atkinson, 

Agariais (Gakra) hyl^nomm Fr. ex Schrauk. Syst ^lyc, i: 267, 
iBai* 

Cokra hypnorum Quelet Champ. Jura et Vosges, 1: 137, 1S72; 

Emend Palouillardp Tab, analyt. Fung, r: 103, fig. 230, 1SS4. 
6'a/crii/a hypni Murr. pr, ptc. N. Am* FI. 10: 163, 191/- 
Ca/enda rcficxa S^Iurr* N* Am^ FL 10: 169, igiy. 

Oregon* MexicOp Europe. 

Galerula muricellospora nov, sp- Gregaria ve! solitaria: 4-7 
cm. altai piieo campauiibtOp interdum convexo, bygrophano, striam* 
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fulvo vel Mhraceo, deniuEn pallicliore, giabro, homogeneo^ 3^ mm. 
Jato* 3-5 mm. altoi $tipite adnexis v*d angustc adnatis* Buhr 

ventricosis, subdi&tantibuSi pallide ocliraceis: cystidiis in siifk^rficie 
et in aciE lamdiartim, sublanceobideis vel subfnsoidets, ad basem 
subventricosisp 40-90 X 10-1$^- sporis binis^ ferrugineis, ovatis vd 
late subfusoideia^ a biere ineqiijIateralibtJSp demum minute echinu- 
latis, 10-14X6^/1: 5tiptte aequalip recto vd flexnosop ochraceo- 
brunneo, sursnm pallide luteo et pruirtoso, fistulosoK 1-1.5 nim.crasso. 

No. 7837, type, C. U, Herb.* among living mosses. Coy Glen* near 
Ithaca, N. Y. Oct, I2p 1901. J. Van Hook collector. 

New Yorkj Colorado. 

Galemla paludicola nov,-sp. Gregaria vel dispergens* 5-13 cm. 
alta: pileo campaniilato, dein convexo-expanso et umbonatOp 1-2.5 
cm. lato^ hygfophano^ ochraceo, striatulo* dcmum ochroleuto, 
homogeneo: Jameilis stipltc adnatb, lenitcr emarginatiSp pallide- 
ochroleucis vd pallide-brunncU; cystidiis m supcrficie lamdlarum 
subfusoideiSp 45-50 X in acie larnellanim cystidiis simi- 

laribns; sporis quatern Is^ SO be 1 1 ipso ideis, to™ 14 X ^7 i sdpite 
xqualip interdiini bulbillo^p lenker floccoso-squamo$Op luteo vel 
rubescenteduteo, deorsum obscuriore^ 2-3 mm, crasso. 

C. U. Herb.* among sphagnum, Malloryvilk Moor 
behveen McLean and Cortland, N, Y. Oct, 17^ *913- G. F. Atkin¬ 
son collector. 

New York. 


Cy-jficfi'fl Qnly on of iameittr. 

II. 

Galerula cerina (Eres.) Atkinson nov. sp. 

Gflkrfl frrjjia Ercsadola tl sp. “in HerbarjCh non publicans^** 

Gregaria, 1.5-4 cm, alta: pilco ^ipanulato vd convexo, obtiiso* 
interdum sobumbonatOp glabro* striato, 2-S mm. lato> 2-5 mm. alto, 
bygrophanop ochraceo-fulvo vel pallide ochraceo* demiim ochrolcuco, 
homogeneo: lamdiis stipite adnatis, snbventricosis*pileoconcoloribus: 
cystidiis solum in acie Jamellammp numerosis, subcylindriciSp ad 
bascm subventricosiSp interdum subcapitatis* rcctis vd flexucisisp 
30-60X8-12/1: sporis qtiatcmis* ferrugineis vel ochracco-MvLSp 
ova^tis vd snbnavicitlaribus, ad basem latioribus, levibtis, &-i4X^ 
S/i- demum membrana sporffi rugutosa vel saccata: stipite aequalip 
subbnlbosG, pileo concolore vel decorsum obscnriore, sursum 
pniinoso, i mm, cra&so. 
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No, 25019, type, C, U. Herb., on humus near sphagnum in swamp 
2-5 miks south of Oahlaod, lid. Sept, 16, 1917, G. F. Atkinson 
collector, 

llaryland, North Carolina, New York. 

Galerula coaiferarum Murr. N. Am, FI. 10, 163, 1917, 

New York. 

Galerula hemispherica llurr. N. Am, Fl. 10, i&j, 1917. 

New York. 


Galerula heterocystis nov. sp, 

Catcritia hypni Murr. pr. pte, N, .Am. FI, 10, 163, 1917. 

Forma et color Galerulse hypnoriim: cystidiia in acic lamellarum 
confertissimis, in superficie nullis, tibiiformibus vel davato-inucro- 
natis, 25-40 X JO-14j»: sporis qtiatcmis, ovatis, a latere inequilat-' 
eralibus, 12-13X6-7^. 

Type " Fungi of Jamaica, No. 435, Cinchona, 4,500-5,200 ft. alt.,” 
N. \\ Bot. Card- Herb. 

i- 

Galerula inculta (Pk,) Murr N. Am. Fl. lo, 165, 1917. 

Golem tncuhi^ Peck, N. Y, State Mxis, Ann. Rep. 41* j 6 g, t 88 S. 

New York. 

Galerula ligtticola ^lurr. K- Am. FL 10^ 165, ^ 9 U- 
New York. 


Galerula minuta (Quel.) n, comb. 

Galtra minuta Quelet, Champ, Jura, Vosges^, 3* 438^ pL 1^ fig* 5, 

187s- 

New York. 

Galerula parvula Murr N. Am. Fl. lo^ 162^ 1917+ 
Tennessee. 

Galerula sphagnicola nov. sp, Gregaria vei soiifariap 5-8 cm. 
alia: pileo campanulato dein expanse^ umbonato^ cm. lato^ 
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hygnophano, cituiainomecHbninEieo, striatOp demum pallidiore: con- 
icxto homogiMieo: lamellis adnaxis^ in !inei& decurrentibus^ 

distantibus*ciniiamomeo-brunneis*cystidiis solum in acie lannirlbrtinii 
nomerosis^ Crassis, cyHndicis et deorsum ventricosis, int^rdum flex- 
no&is, 30-45X9-12^^: spori^ quaternis, ovalfbus vel subnavicEiIar- 
ibiis, ad basem crassioribus, 8-11 membrana sporas interdum 

ni^ilosa vel subinflata: stipite ^uali, piko concolore sed interdum 
pallidiore, clemum pallide-cirtnamomeOp giabro, sur^um pruinoso, 
cavo, 2-4 mm, ^:ras50, 

Xo. 185S7* type, C U. Herb., among sphagntim in very wet places, 
/imius, X. Y. Sept. 15, 1904, H, H. Whetzel and H. S, Jackson 
collectors. 

Xew York, Alabama. 


Galerula spbagnomm (Fr, ex Pers.) ilurr. X, Am. 

FI. 10: 167^ 1917, emend Atkinson. 

Agarkus hypfwmn sphagfwritm Pers, Syn. Fung. 3S6, iSoj. Name 
only. Type not determined, 

Agaricus liypn^rum splwgni^nim Fr. Syst. Myc. X, 267, 1821, Xame 
only. 

AgaricHS sphagn^rum Lasch, Lmnaea, 3: 417^ 1828. 

Gatera sphagnorum Sacc, SylL Fung, 5: S69, 1887. 

Galcra hypn^nim var. umbonata Pecfc^ X. Y, State Mus. Bull ^5, 

Maryland, Xeiv York^ Europe. 


GaleruUi subhypuonim uov* sp. 

Gatenda hypni Murr. pr. pte. N. Am. FL lo, 163 ^ 19^7^ 

Gregaria vel dispergens, 2^ cni. alata: piteo campanulato-con- 
vexo^ obluso vel unibonato, ad marginem stnato, hygrophano, fulvo 
vd ochracecpfulvo, demnm pallidore, homogeneo, 4-10 mm laio: 
lamellzs stipite adnati.s, s^Libdi,stantibns, ochraceo-fulvis: evstidiis 
solum in acte lamellarum^ numerosis, lanceoloideis vel subcylindricis 
et ad basem subventricosis, in apice interdum crassiortbus, 40-70 
X6-ir^: spoils quaternis, ochracds, a fronte snbeUipsosdeis vel 
subfusoide3S,a latere leniter in^u[lateraljbusjevihus, 10^14 X 6-S/4: 
stipite pileo concolore sed pallidiore+ ad bascm interdum obsturiorep 
cavo, I mm. crasso. 

This specks differs from G. hypnorum in the absence of cystidia 
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on the sides of the giUs, in their different form, and in the lighter- 
colored, diinner-walled spores. 

>?ew York, MainOi Washington, Europe, 

Cystidia tibuforin, only on edges of lamella, 

III. 

Galenila bryophila (Pk.) nov. comb. 

Gahra, hryophiia Peck, N. Y. State ilus. Ann. Rept, 54, 149^ rgor, 
Gaicrula hypni Murr. pr. pte. X, Am. FI. 10: 163, 1917. 

New' York, Colorado, ilexico. 

Galeiula lasiosperma nov, sp. Gregaria vd soliUria, 6 -g cm. 
alta: pilea ovali-campaiiulato, detn convexo et expanso, obtuso, 
hygrophano et ad rnargineni striatulo, 1 cm, lato, 4-^5 mm. alto, cas- 
taneo, demum fnlvo vel ochraceo^fnlvo, homogento: lamdhs stipke 
adnatis, ventricosis, sttbdistantibus, ochraccis: cystidiis solnm in acte 
lamellanim, tibiiformibns, ad basem subvenlricosis, sersum terettbms 
et tapitatis, sporis quatcmis, ferrugineis, ovallbus 

vel snbreniform]bus vel fabiformibuSp loniter echinniatis, y-n 
X S'"? ^ * 5tipite ^uali, recto vel fiexuoso, pileo concolore sed pal- 
lidJore, siirsum pnitnosOj ad ba$em albo-myceleoLdeo, cavo^ 1^1.5 
mm. crasso. * 

No, 55033, type, C. U. Herb., on sphagnum in open field, Teet^s 
Farm, Cranesvillt moor, Western .Maryland. Sept. i8. 1917. G. F. 
Atkinson collector, 

^lan'land. 

Galerula lenticeps (Pk,) nov, comb, 

Agaricus hrUkeps Peck, X. Y, State Mns. Ann. Rept 31, 34, 1879. 
Nditcork icntkrps^ Saec. Syll. Fung. 838, 1SS7. 

New York. 

Galemla pistillicystis nov. sp. Gregaria, 5-j cm. alta: pileo 
nemisphacnco-canipanulalo, 4-ro mm. lato, hygrophano, striato, 
liiteo, dein pallide ochraceo^ homogeneo: lamellis stipite adnatis, snb- 
ventricosis, ferrugineis:c>-stidijs solum in acJe lamellanim, numerosis, 
pistillifom^us, ad l>a.^em ventricosis, sursunt tereltbus et capitatis, 
- 5 ~JS sporis qnatemis, ferrmgineis, snbellipsoldeis, levibus, 

7 -ioX 3 S“ 5 ^: stipite a^ql1ali, pileo concolore sed palUdiore elabro^ 
stirsiim prtimoso, cavo, t mm. crasso. 

Xo. 24075. type, C. U. Herb„, on a rotten log among mo.sses. In a 
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swamp bordering on Labrador Lake, near Apulia, Onondago Co., 
N. Y. June 12* 1917. G. F, Atkinson collector, 

New York. 

Galerula rufipes (Fk.) ilurr* K. Am. FI. 10, 164, 1917* 

Galcr^i rufifes Peck, N, Y. State Mils. Ann. Kept. 43, 116 (^)> 
1S89. 

New York. 


Galenila semilanceata (Pk.) n. comb. 

Gatera scmiianee^ta Peck, Torr. Bot* Qub BiilL 23, 415, 1896. 

Washington. 

Galerula stylifera nov. sp. Grcgaria, 3-5 cm. alta: pileo ovali 
deio campanniato, rnatura expanso et suburabonato, j-2 cm. la to, 
hygrophano, ochroleucG-fnlvo ve1 pallide-ochraceo, demum ochro^ 
leuco, glahro, homogeneo: lamellis stipile adnatis, emargSnatis, ven- 
tricosisp ochraceis: cysUdlLs solum in acie lamellarum nmnerosis, 
styliformibus vel tibiifomiibus, ad basem subvenlricosis, apice capi- 
tato, 3<y-^S X sporis quaternis* ocbraceisp subellipsoideis, ^ 

X 3 5-4.5/a.: stipite sequalj, ochraceo-fulvo vel castaneo, subvilloso, 
siirsum pruinoso, 2 mm. crasso. 

No. 24399, typcp C. U. Herb,, on very rotten wood mold and de¬ 
caying leaves of Pinus sirahus, ^fcGowan's Woods, near Ithaca, N* 
y. Oct. 10, 1917. H, E. Stork collector. 

New York. 


Galenila subanniiLata nov. nom^ 

hieritia Mtirr. X, Am+ F!, 10, 1917. 

Maryland, New York. 

Galenila tibiicystis nov. $p. Gregaria, 6-9 cm. alta: pileo cam- 
panulato dcin convexo et interdum umbonato, 1-2 cm. lato, bygro- 
phano, fill VO, glabro, demum pallido-ochraceo^ Itomogeneo: lam ell is 
stipite adnati^ uncinatis, ventricosis, subdistantibus: cystidiis solum 
in aeie lamelbrum, numerosis, tibit form ibus^ ad basem sub vent ricosis, 
apice capitatOp 30-45 sporis quaternis, o\^tis ve! subellip- 

t soideis, a latere ineqnilateralibus, ferrugineis, 8-12,5 X S-^7-5p- 
stipite squall, pileo concolore sed pallidiore, sursum pruinoso, 2-2.5 
mm. crasso. 

N'o- 250S0. type, C. U. Herb.* on sphagnum in a spruce moor 
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near Miller’s Run, 3-4 miles north of Oakland, Md. Sept* 25. 19 i 7 - 
G, F. Atkinson collector. 

Maryland, New York, Massachusetts, Sweden (Upsala). 

Cystidia Iccythifonn or stopper-shaped, only on edge of lamells. 

IV, 

Galenila angusticeps (Pk.) ilurr. N. Am, FI. 10. 168,191?' 

Galcra a«gv5ticeps Peck, Torr. Bot. Club Bull. 24. I 43 < 

Conocyhe angusticeps Murr. Mycolofia, 4 . 248,1912. 

California. 

Galenila teneroides (Pk.) Murr. N. .Am. FI. 10, 166,1917- 

Agaricits teneroides Peck, N, Y. State Mus, Kept. 29 > 3 Q> ^^78. 
Gftlero teneroides Sacc, Syll, Fung. S, 861. 1887. 

This species is placed here provisionally. The portion of the 
type material examined was in such poor condition that the stnictitrc 
of the pileus could not be determined. 

New York, 


Pileus Corticated. 

Cystidia large, fusoid or clavate, or sublauccoloid, not specialued. 
Cy^rtrdKt on sides and edges of fflwcite, emcrgmg. 

V. 

Galenila kcllermani (Peck) Murr. N. Am, FI. 10, 165. 1917, 

Gatera Arf/rrwiaiii Peck, Jour. Myc. 12, 148, pi. Spi 1906* 

Ohio. 

Galenila cervinialha (Murr.) nov. comb. 

Prunuius cervinialbus Murr. N. Am, FI. 9: 326, 1916. 

Cystidia subfusoid: hasidia large, sterile, therefore the pure white 
lamellae. 

New York, 
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Cyslidia only 0« edge. 


VL 

GalerLla cyanopus nov. sp. Gregaria vel solitaria, 2-3 cm. aka: 
nileo ovali, campanukio-convcxo, clem expatiso, ebtuso, ad mar- 
ginera striatulato, fragill, 

lilei edtis pyriformibus prsedito: lamellis stipite adneMs., angustatis, 
ochraceis: cystidiis in acie lamfillaTum niunerosts, ad basem ventn- 
cosis, in apice cj'lindricis vd miicronatis, 

quateitiii, dlipsoideis, apice mmiite truncato, 8-10 X 3-0W 
1-1.3 mm. crasso, leniter bulboso, albo ad basem cyatieo, sursum 
pruinoao, deorsum leniter velutinoi fri^ili* ^ 

Ground among grass. No. 233OS, type, C. U. Herb., Ithaca, N. \. 

New York. 

Galenila fiUpes nov, sp. Gregaria, 4'& ™i- 
campanulato, obtuso, ochraceo. 3^ mm, lalo: cortice pilei ceUis obo- 
valibus vel pyriformibus prsdito: lamdiis stiprte late adnatis. dente 
decurrentibos, ochraceis vd ochraceo-fulvis: cystidtts solum m acie 
lamdiarum, lanceolotdeis vd anguste ovatis, ad basem venincosis, 
lo-w X lO-iSii: sporis quatemis, ferrogmeis vel fiilvo-ochraceis, 
ellipsoidds, 7-SX4-5M: ^pors iruncato: stjpite icquali, bul- 

bllloso, sursum priiinoso, i mm. crasso. 

The type material consists of specimens collected by Peck in a 
grass plot at North Elba, Essex Co., Adirondack Mts„ N. Y„ now 
in the N'. Y, State Mus., Albany, as Caicra capHlaripes (see N. Y, 
State Mus. Bull. 94- 3^p 

This species resembles in form and color Galentlo capilhripcs, 
but the basidia are four-spored, the spores are much smaller and the 
cystidia are different. 

New York. 


Galerula mirabUis nov. sp. Gregaria vel dispergens, 4-^ cm. 
alta- pileo campanolato-convexo. dein espanso et umbonato, 1,5-2 
cm. lato, glabro, striatiilo vd rugoso, vinaceo-cmnamMco, in cen¬ 
trum castaneo, cortice cellis obovalibus vd pyriformibus prsdito: 
lameliis stipite adne.xis, subdistantibus. subventncosis, fulvo-ochra- 
cei'i acie lamdiarum alba: cystidiis solum in acie lametlarum, nu- 
me-rosis. ahruptc davatis, 41^70 X 12-1Sft: sports binis, a fronte 
iL^viciil3iribii5> vcl c^Tobiforniil^^SH ^ latC're inc^uilstcr^libu^t O-CJtHini 
minute tuberculatis, fulvis, 12-25 X 7-11 f*-,.stipite eequati, recto vel 
flexuoso. cavo, glabro, pileo concolorc sed pallidiore.siirsuTn prninoso. 

No. 15117, type, C. E*. Herb., in mixed woods in a swamp near 
McLean, N. Y. June 17, 1903. H. H. Whetzd collector. 

New York, 
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Galenila plicatella (Pk.) Murr. K* Am. FI. lo: 164, 1917. 

Buffalo Soc. Nat Sd. Bull, i, %2, 1S73. 
Agaric us plicatcthis Peck^ N, \ . ^taic Mus. R^pt 29» 1 ^ 7 ®- 

Calera coprmmdcs Sato. Syll. Fung, 5,867^ 1887. 

CalcTa plicatdia Earle, Torreya 3, 136, 1903. 

New York, 

Galenila sulcatipes (Pk.) Murr, N. .'Vtn. FU to, 166^ 1917. 

Aguricus sulcuHpss Peck, N, Y. State AIus. Aon. Rept, zSi 13^^ i 884 - 
Gahra sukadpts Sact. Syll. Fiiiig, 5, 866 , rSSy. 

New York. 

This species is very closely related to Gcr/rrwb tortipes, froni 
which it differs only in its smaller siie. 

Galerula tortipes (Mont) Mnrr, X, Am. Fl, 10, 167, 1917. 
Agariciis iorlipcs ^loot^ Syll. Crypt. 119, 1S56P 
Cakra tortipes Sacc. Syll. Fung, 5, S67, 18S7. 

Ohio. 

Galerula viscosa (Clem.) nov. comb. 

Gakra tnscoso, Gements, Cr)'p- Form, ColoradenBumn No^ 3S0, 
1906. 

Colorado. 

Cystidia specialized^ lecythiform or stopper-sliaped, 
on edge of lamella. 

Cysftdta on sides imbeddedj chi-ate or dovate mucronate, 
on edge Ucythiform or stopper-shaped, 

VIL 


Galerula cryptocystis nov^ sp, Gregaria^ 6-10 cm. alta: pilco 
ovali dein campanulato, 10^2.5 cm. lato, ochracco^ ochraceo-fulvo 
vel ferrugineOp demum pallidiore^ ^parsim villosO’ cortiCE pilei cellis 
pyriformibus vel ovalibus pnedito: lamellis stipite adIle^ds, latist 
cystidiis in acic lamellartim lecj^lhiformibuSp 15-22 X 6-8/1^ in super- 
ficie lamellarum clavatis, non projicientibus: sporis bints, a fronte 
late eUipsoideis, 12-22 iequali, pileo concolore sed 

pallidioret shriato, suits urn pniinoso, 2-4 mm. crasso. 
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Ko. Pacific Slope Fpngi, distributed as * Goltm tffitsn by 
C. F. Baker, type in C. U. Herb. “ A common little mushroom on 
decayed horse manure in old pastures. Foothills near Stanford 
University, Santa Clara County, California, November 30, 1901, 
Col!. C, F, B." 

This species is related to GaUrula matrospora, but differs in the 
striate stem, imbedded cystidia on the sides of the lamellse, etc. 

California, Europe (Trento. Hay, 1901, Bresadola), 

Cysiidia o»iy on edge. 

VIIL 

Galerula angusticeps (Ph.) oov. comb. 

See above under section IV. Pileus homogeneous. Some speci¬ 
mens have a rudimentary cortex. 


Galerula autipus (Lasch) emend Atkinson, 

Agarietis antipus Lasch in Liiinaea, 4^5 40[), iSsS. 

Calera antipus Quel, Champ. Jura ct Vosges, I, 136, 187a, 

Caiera a7itipiis Gillet, Champ. France, 553, with figure, 187S, 

Galers aulipoda Sacc. Syll. Fnng. 5 , 8 ^ 3 ^ iSSj* 

Spores in front view limoiiiform to subangular, in side view 

ellipsoid, ^ 

North Carolina. 

Galerula capilUripes (Pfc,) Murr. N, jVm. FI. 10, 163, 1917. 

Golero copUlonpes Peck, Torr, Bot. Club Bull, 26, 166, ] 399 - 
Ohio, New York, 

Galerula crispa (Long>'ear) Hurr. pt. pte. 

N. Am. FI. 10, 167, 1917. 

Goieed enspd Longv'ear, Boi, Gai, iS, 27^* ^899, 

Michigan, New York. 
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Galemla crocospora (B«rk. & Ctirt.) Murr, 

N. Am. FI, 10, i68. 1917. 

Affaricus ttceosforu-s B. & C. Ann. Mag. Kat. Hist. II, 12, 421, 1853* 
Calcm crovosporo Sacc. Syll. Fung, 5, 866, 1887. 

South Carolina. This species probably belongs here but the type 
material examined was too badly collapsed to determine with cer¬ 
tainty. 

Galerula carta nov. sp. Gregaria, 4-6 cm. alta: piSeo campanu- 
lato dein subexpanso, 2-4 cm. late, 1-2 cm. alto, obtuso, glabro, non 
striato, ochraceo vel oehraceo-fulvo demum ochroleuco, corlice pile! 
cellis ciovalibus vel pyriformibus ptsedito: lamellis stipile adnexis, 
ellipsoideis, ochraceis: cystidiis solum in ade lameHanim, numerosis, 
lecythiformibus, 15-2S X 7 - 10 > 4 .: sports binis, obovalibiis vel late 
ellipsoideis, ochraceis, io-iSxS-Um: stipite aequali, glabro, stria- 
tulo, sursum pruinoso, cavo, 3-5 mm. crasso. 

Xos. 3209 and 3210, type, C. U. Herb., in grass in curbing at foot 
of Buffalo St., Ithaca, N. Y. July 20,1S99. G. F. Atldnson collector. 

Netv York. 

Galenila distantifolia Miirr. X. Am. FI. 10, 169,1917. 

Mexico. 

Galerula fiava (Pk.) Murr, X, Am. FI. 10, 166, 19 ^ 7 - 
Gahra fiava Peck, N. Y. State Mus. .Ann. Kept. 45. 79* (19) 1893. 

Xew A'ork, 


Galerula flexipes (Karst.) nov. comb. 

Gal^ra Karsten, Myc. Fetin. 3, 371. 

Kew York. 

¥ 

Galemla fragilis (Pk.) Murr* N. Am/Fl. lo^ 164P igij. 

Galera fragitis Peck, Torr. Bot. Cluh Bull. 24, 144, 1S97, 

Katisas. 

GaLerula iateritia*** A Cateruh ytry closely re¬ 

lated to Galerula crispa, which rnay be only a varied'. It h usually 
regarded in this counliy as equal to Agaricus lateritius Fr.; I am oot 
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at present convinced of the correctness of this interpretation. It is 
cominon in lawns and grassy places in rainy weather. May to Julyj 
and also occurs on dung* 


Galerula macrospora now sp. 

Gff/cro ten era obseuriar Peck, N. Y. State Mus. Rept. 50, 130, 1S99. 

Gregaria, 6-15 cm, aha: piko campanuLato, cm. lato, 6-10 
mm. altOp ochraceo vel ferrngineo, non striato, demum ochroleuco* 
cortice pilei cellis pyriformtbns vel obovatis prxdito: lamellU stipite 
adnexis, ellipsoideis, ochraceis: cystidiis solum in acie lameUarumt 
numerosis, kcythiformibus, 15-25 sporis binis, late ellip¬ 

soideis, 12-25X^-15^: stipite sequali, recto vel fiexuosOp sursum 
pruinoso^ pileo concolore, cavo, i^5-2.5 mm. crasso. 

No. 15759, C. U, Herb., ou ground among mixed grasses 
and moss (Hyhcamutm sqmrr0siim)^ on the edge of a coniferous 
wood, near Stockholm, Sweden, Aug, 24-28, IQ03, G, F, Atkinson 
collector. 

North America (New York), Europe (Sweden and France). 


Galerula meaacatta Mnrr. N. Am, FI, 10, 169, 1917. 
ilexico* 

Galerula neoantipus nov, sp, Gregaria, 3-7 cm. alta: nidi,x 2-5 
cm.: pileo campanulato-eonvexo* 1.5-2,5 cm. lato: cortice pilei 
pseudoparenchvmaLo: lamellls cum in Gahrula dwripirj: cystidiis 
solum in acie lamellarum, numerosisjecythiformibiis, 15-30 x"^^^ I 
sporis qiiatemis, ellipsoideis, 12-17 X 

On newly seeded bwn, Middlebury, Aug. 1S96, E. A. Burt 
collector, in E. & E. N. Am. Fungi, second edition. No. 3510, tjpe, 
C. U. Herb. The specimens in Cooke's 111 Brit. Fungi^ No. 463, 
** spores ellipsoid, 16 X probably belong here. 

Vkrmont, (PEngland), 

Galerula ovalia (Fr.) Karsten^ Bidr. Finl. Folk 3a, 443^ 1879. 

AgariciLs (Galera) oz^Us Fr. Monogr. Hymen, Suec, t, 389, 1857. 
Galera or-fl/w (Fr.) Gilkt, Champ. France 3, 554^ 1S76. 

New York, North Carolina, Europe. 
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Galeriila pilosalla (Fr. ex Pers.) Atkinson eniend. 

Agaricus {Gatera) tc»er\a.T. piloscflus Fr* Syst, Myc. t, 266, 1S21, 
Agoricus pUoscllus Pers- Synop. Fimg, 3 ®/^ 

Gregaria vel solitaria, ^ cm. aita: pileo campaniiialo, ad mar- 
gincm interdtim cxpanso, 1-2.5 cm, lato, i cm. alto, nygropnano. 
CMtbraceo vd ciniiamomco-brunnco, strtatulato, dematn pal I me 
ochraceo vel ftilvo-ochracco, leniter viLloso; cortke pilei cellis pJTi- 
formibiua el rare cystidiis prscdilo; iamellis stipite atinexis, angustatis, 
ellipsoideis, mtmertsis, luteo-ochraceis vel HjchraceCMtinnamomeis: 
cyslidiis in ack lamellarum Iccythioideis, 15-24 spona 

qtialernis, angtiste cUipsoideis, aptce minute tnmcato, 6-8 X 3^ f*: 
stipite Btquali, subtiliter villoso. 

No. 20851, C. U. Herb., type of the emended specie*, on ground 
in a spruce forest north of Pontariier, Jura Mts., France, Aug. 2i, 
1905, G. F. Atkinson collector. Ko. 24314, C. U. Herb., near 
Seventh Lake, Adirondack Mts-, N. Y. Aug. 15, I 9 t 7 * F- 
F. C. Stewart collectors. 

NeiiV York, Maryland, Europe. 

Gaknila plumbeitincta nov. sp. Gregaria, 3-5 cm. alta: pil^ 
convexo, dein campantilato, I-1.5 cm, lato, adolecentc lubrico, sub- 
striato, plumbeitincto, cortice cellis clayato-pynfomiibus p^dito; 
lamellis stipite late adnatis, subdistantibus, ventricosis, ochraceo 
cinnanionieis: cystidiis solum in acie lamellarum, numerosis, ampul- 
Iffifomiibus, fr^ucntcr subcapHatis, 25-35 X spons qua- 

ternis, ochraceo-cinnamomeis, late eUipsoideis, 12-15 X 7~toJi'-t 
stipite alho dein plumbeitincto, sursum pruinoso, deorsnm substriato, 
cavo, 2-3 mm. crasso. 

On dung hills, Cascade Glen, Ann Arbor, Mich. June 9, 19*^^ 
C. H. Kauffmann collector, no. 565, ty pe, C. LT. Herb. 

Michigan. 

Galeiula procera nov, sp. Gregaria, 10—)2 cm. alta; pileo cam- 
panulato, obtuso, ad tnarginem demimi leniter expanso, 3-4.5 cm. 
lato, 2-2.5 cm. alto, ochtaceo*fulvo, dein ochraceo vel palUde-ochr(> 
leuco, glabro, non striato: cortice pilei cellis oboyalibus vel pyri- 
formibus praedito: lamellis stipite adnesis, eUipsoideis, ochraceis: 
cystidiis solum in acie lamellarum, numerosis, lecythiformibus, 18-25 
X6/»: sporis quatemis, ochraceis, a fronte late eUipsoideis, apice 
minute truncata, 12-20 X 8-1Stipite asquali, ad basem leniter 
crasso, recto vel flexuoso, glabro, striato, suTSUtn pruinoso, pileo con- 
colore sed pallidiorc, 3~4 mm. crasso. 
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No. 99iOj t)'pe, C U. Herb., on ground, in humus, among leaves 
in moist woods. Buttermilk Gorge, near Ithaca^ N* Y, July 23, 1^2. 
C. H. Kauffmann collector* 

New York, 

Galenila pukhra (Oem.) Murr* N. Am. Fl. to, 166^ i9^7* 

Gflieru pulchfd Clements, Bot. Surv, Nebr. 4: 22, 1896. 

Nebraska. 


Galenila spartea (Fr.) nov. comb. 

{GoJ<*r#) sparteus Fr. Syst. llyc. i: 266, 1S21* 

Gnhra spdrt^^i Quel. Champ. Jura, Vosg. l: 234 1872. 

New York. 

Galenila tenera (Fn ex Scliaeff.) 5 ,Iurr. 

N. Am. Fl. 10, 166, 1917*^ 

Agarietts (Galera) iencr Fr, Syst Myc. 265, 1821. 

Galcra tentru Quelet, Giamp, Jura et Vosgeft, 136, 1872, 

Throughout gTeatcr part of N, Am., Europe. 

Galemla tenerella (Atkinson) 3 ilurr, Am. FI 10, i64> 1917. 

Galera ta^ereUa Atkinson, Ann. Myc. 7* 369, 1909. 

New York 

Galenila tenuissima (Weinm.) nov, comb, 

i« te^uitssimus Weinm. Fl. Ross, 219, 1S36. 

Galera tefiuisAma Qudet, Assoc. Fr. Av, Sci. 1884, 2S0, pi, 12 fig 
8,1885, ^ ■ 

New York, 


Species Needing Fubthee Study. 

Galeku^a glabra Murr, N. Am, Fl* 10: 163, 1917^ has not been 
examined* 

Galera grisea Earle, No. 43 Inform. An. Estac, Centr. Agroa 
Cutia 1: 237, 1906, needs further examinatioo of fresh material. 

moc. AHSB. PiltL. EOC-* VOU LVII, E, *1.^ ijuB. 
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Galera simula«s Earle, Inform. An. Estac, Centr. Agron. Cuba 
1: 236, 1906, is probably identical with CBientla 


Species Excluded. 


Galera alb.a Peck, Ton*. Bot. Club Bull. 24: i 43 h *® 97 * 
Acasicus (Galera) calijstus Peck, Buff. Soc. Nat Sd. Bull. 


1 : 52 . i®73 ^ . t, ti 

Agahicus (Galeh.v) expans us Peek, Buff. Soc, Nat. Sci. Bull. 

1:52,1&73. 

Galera reticulata Peck, N. Y. State Mus. Ann. Rept. 54 : ! 5 ^< 


1901. 

Galera striatula Gements, Bot. Siirv. Nebr. 3: 13 , 189+* 
Galera ^'ersicoloh Peck, Torr. Bot. Qiib Bull. 44 , 143 , i 897 > 


Cc^ell UsjTZRsrtv, 

Ithaca, N. Y., 
May* 


ORGANIZATION, REPRODUCTION AND INHERITANCE 
IN PEDIASTRUM. 


(PlATBS V. A«D VX) 

By R, a, harper. 

(Read April ip, iptS.} 

I have discussed in previous papers ('o8, ’la) the problems of 
organization as seen in strictly ccenobic plants in which the col¬ 
ony shows little or practically no differentiation In cither the struc¬ 
ture or the functbns of its cells. In Pediosirtitjt we have a type in 
which at least the incipient steps in differentiation can be recognized^ 
The margins of the flat plate-shaped cell colonies are in some 
species quite entire, in others more or less lobed or toothed, and 
present the problems of the development and inheritance of specific' 
and differentiated form in plants at a relatively critical stage, Wc 
have here the first beginnings of cell, and, we may say, tissue differ¬ 
entiation. In such coenobes as most species of Spirogyra, Hydra- 
dictyon, Ctmium and others, though the colonies have definite and 
probably adaptive structure, the cells are all alike In form and func¬ 
tion, but in certain species of Pediastnim the lobed peripheral 
differ markedly from the interior cells of the colony. In other 
species the lobing is almost equally developed in all the cells. The 
genus thus presents us with the processes of differentiation in vary¬ 
ing d^recs of expression in what are plainly rather closely related 
species. 

I have also discussed elsewhere (’i6). the interrelations of the 
cells in the eight- and sixteen-celled colonies of Pedtattrum Borya- 
mim as giving the basis for a definite conception of plant types and 
the comparison of this species with the other members of the group 
brings out still more clearly the idea of biological form types as I 
have discussed it there. The group is also well adapted to illus¬ 
trate the relations of heredity and environment in morphogenetic 
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processes and to give evidence as to the possible mode of origin and 
interrelations of different types. 

The shape of the cell is the main basis of group distinctions in 
the genus. As Braun C’SS) pointed out, the number of cells 
in the colony has been shown not to he diagnostic of species or 
larger aggregates. Fig. 21 shows two daughter colonies, one with 
sixteen and one with thirtj'-two cells, both of which came from the 
same thirty-two-cclled mother colony. The shape of the cells of a' 
given species varies in minor details of proportion about a norm for 
the species. The form of the cells of different species are of more 
fundamentally diverging types. 



Fio. t. tia, 2 . 

Fiq. 1 , Pedituirunt iwlejnfwi. Cells almost without spines or lotes. 
The eolony shows only fourteen cells but it is possible, as is conitnon tor is 
species, that it is partially two laj-ercd, X about 485- 

Fia. a P- Cells with one spine. CouftBuration t + ?. 


Fk. 3 . P. elatkratum. Cells w ith two very long and slender pcnp^ral 
and two shorter basal lobes, Urge intercellular spaces. Configuration 3 + 
Colonies bilaterally symmetrical about the axis m, ». X about 3 Sa 


It is a question of first importance morphogcnetically whether 
these cell forms are hereditary or whether they are newly achieved 
under the stimulus of the intercelluJar environment in each genera¬ 
tion. It is plain that the form is not inherited directly as such since 
the two-spined cells do not divide in such a way as to produce at 
once two equivalent two-spined daughter cells. 

The main distinctions in the group are between forms whose 
cells have no spinous processes or very rudimentary ones, and those 
whose cells have more or less developed spines. These distinctions 
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have been regarded as of subgeneric rank and are the basis of the 
inteffrum (Fig, l), Monaetinta or simplex (Fig. 2), the Diactinia 
Or two-spined (Fig, 3), the Triactinia or threC’Spined and the 
Tetractinia or four-spincd series. A tendency to the formation of 
a four-spincd type of cell is shown in the species F, biradiatum 
Meyen, and the peripheral cells of F. Irieorntiiiim Borge are de¬ 
scribed as ha\‘ing three spines. Braun ('55) recognized the diag¬ 
nostic value of cell form in making four sections of the genus, the 
Monactinia, F. Siviplex, Anomopedium, P. iniegrttm (Nag.), the 
Diactinia, F. BoryanuiUj etc., and the Tetractinia, F. phrenbergii. 

A further class of differences which has been given specific rank 
is found in the d^ee of similarity in form between all the cells of 
the colony. In F. Boryonmn (Fig. 4) the interior cells are quite 
different in form from the peripheral scries, while in F. httegrum 
(Fig. i), on the one hand, and F. clathratitm (Fig. 3) on the other, 
the cells are very' much alike throughout tlie colony. 

It seems natural to assume that such forms as F. integrum (Fig. 
1) with its oval ceUs, sometimes with two papills, but with no 
striking form differentiations, represent the more primitive species, 
though perhaps F. integritm itself is only an environmental form as 
1 am suggesting in another paper, and that evolution has progressed 
toward the simptc.r tj'pc with one spine on the one hand, and the 
two-spined type on the other. The tendent^ to the development of 
spines more strongly on the peripheral cells probably came first (F, 
Boryauitnt, Fig. 4) and later the development of the strongly four- 
lobed form in all the cells of the colony (F. clathratum. Fig. 3), 
Positive evidence that the evolution of the group has follow-ed this 
course is, however, lacking. The origin of the tendency to pro¬ 
duce spines is also not obvious. We shall find a direct relation 
betw'ccn the cell form and the intercellular relations in the colony 
in comparing the colonies of F. B&ryaimm (Fig. 4) and F. asperiim 
(Fig. 5) and we have evidence for the assumption that the result 
of a direct environmental influence has been transformed into an 
inherited cell character in such cases but no support for such an 
hypothesis is found tn the three-spined cells of F. tricornutnm 
Borge or the four-spined cells of P. biradiuium Meyen. 

As noted, the number of celb in a colony has been shown tc 
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have relatively slight diagnostic value for the species. P. aspermti 
like P, Sorj'dPiHMt may have eight, sixteen* thirty-two or sixty-four 
ecUs. Still certain species tend toward higher and others toward 
lower cell numbers. P. Efirenbergii commonly occurs rvith four, 
eight, or sixteen cells. The rule that the number of cells in any 
species is a multiple of two, based as it is on the law of cellular 
bipartition, Is very universally maintained and has loi^ been recog¬ 
nised. Individuals with fifteen cells instead of sixteen cells or 



Fjg. 4_ Fia 5. 

Ftc, 4 , Pediasirum B&ryantim. Peripheral cells with two spines very 
sleiiider for Xht species. Interior cells lA-itli merely a recnlcring angle to InAl^ 
cale the spines. No mtercelluhr spaces. Conl^guratioii l + & + to. Colony 
bilaterally symnietrical about the axis- ppi, n;. K 3^' 

Fig, 5, P, asperunK Cells with two fairly locg peripheral spines and two 
short, blont basal lobes. Intercellular spares well developed^ the curves which 
bound them snfiifestiiig the origin of the eell lobes by catenoidal dcformaiioii^ 
Configuration 1H- 3 d- lo. Colony bilaterally sjTtitnelrieal about the axss 
fff, n. Possible polarites of the cells suggested by the pins and minus signs. 
X about 60OL 

thirty-one instead of thirty-two cells occur, but as Nitsrdy (^14) 
has emphasized, they are great rarities and may be properly re- 
^rded as abnonnal. The figure of R mte^fnn given shows only 
fourteen cells (Fig. i). 

The relative development of the spine is directly correlated with 
that of the intercellular spaces and w'e may consider first the or^ni- 
zation of a form with w'ell^eveloped intercellular spates. Perhaps 
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the most abundant species as I have found them, next to P. Bofya- 
fiKHi Kg., is aspemm (Figs. 5 and 6). P. o^pcrum has been 
regarded by many as a form of P. PoryoMMiii. WTiethcr or not it 
is to be considered a good species, the forms as I have found them 
reproduce the type so far as cell form, involvii^ as it does the char¬ 
acteristic intercellular spaces, is concerned with a high degree of 
constancy, I have never seen a colony with the asp^rittn cell form 
produced from a Boryafimn parent nor a colony without intercellu¬ 
lar spaces from an aspermH parent. 

1 have been able to study and photograph P. atpermt in all 
stages of the vegetative growth and reproduction of the colonics 
and it may well serve to illustrate the two-spined forms with well- 
developed intercellular spaces and cells similar throughout the col¬ 
ony in contrast with P. PorysHnm with intercellular spaces small 
or w'anting and interior cells only slightly or even not at all two- 
spined, as I have already described it (’16). 

Akrascemext of the Ceua akt> Intekcelll'LAR Spaces ik the 
Sixteen-Celled Colosies of P. asperum. 

The spatial interrelations of the cells are essentially the same in 
the typical sbcteen-celled colony of P. asperum as in the typical 
sixteen-celled colony of P. Boryon if hi, as I have described it else¬ 
where (’16), and as it has long been known in the literature. But 
in P, aspf rum the cells are alt very much alike in form, the interior 
cells having only slightly shorter Jobes than those on the periphery 
of the colony. We may consider first the sixtecn-ccllcd colony, 
which is perhaps the most common, though 8-, 32-, 64- and 128- 
cellcd colonies are found, I shall leave the colonies with 32, 64, 
128, etc., cells w'ithout discussion at this time, since certain further 
elements in morphogenesis implied in the larger number of units 
are involved which I shall take up in a later paper. A common ar¬ 
rangement in the thirtj'-tivo-celled colony is 1 -|-6-J- 10-|- 15, a® 
noted by Braun (’SS). Tbi^ presence of six cells in series II. of 
the thirty-two-cellcd colony as compared with the five in series II. 
of the sixtccn-celled colony introduces quite fundamentally differ¬ 
ent relations between the oblong four-lobed form of the cells and 
the natural surface tension factors in such groups. 
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As in P. Porjaiiwfii, the general arrangement o^ the cells m the 
mo$t common form of sixteen-celled colony of P, o^perum is one 
in the center with five around this and two cells in the third or outer 
series, the i + 5 + lO group, as Nageli and Braun called it. Nageli 
(*49, p. 93) quite fully described these conditions for the group and 
by comparing the areas of the concentric circles, assuming the radial 
diameters of the cells are the same, showed geometrically that these 
cell numbers arc what he calls the most natural," that is. the cells 
50 arranged come the nearest to filling the spaces in the concentric 
circles as well as being the ones most commonly found. I have 
described this arrangement (^l6) as coining the nearest to that of 
a least “Surface configuration for such a group of rounded cells 
lying in one plane. As I shall further discuss in another connec¬ 
tion, Nageli is, however, probably mistaken, at least for P. 
num, as Braun's figures {*53) show, bi saying that for eight cells 
the arrangement a+ 6 is much less common than the **more nat¬ 
ural '' arrangement I + 7. 

I shaU follow the same method of numbering the cells here as 
in the case of P. Bory(^num (Fig. 23. and "j 6. Fig. it), making the 
central cell No. l and proceeding outward as shown in the diagram 
(Fig. 7). The colony is bilaterally symmeErical as in P. Eoryanum, 
the axis bisecting cells I, 4. 7 and i2 and passing through the sur¬ 
face of contact of celb 2 and 5 . For describing the structure of 
the colony more conveniently we may here, as in the case of P- 
BQryanitm, call the ends of this axis of the colony its ui and n poles 
respectively. 

The central cell is in contact with five cells. The cells of the 
second scries are each in contact with six cells and the cells of the 
outer series are alternately bi contact with three and four cells. 
The cell walls meet in threes on the principle of least surfaces, ex- 
cqjt where cells 2 and 6 are in contact as a pair right and left of 
the axis of the colony. In P. Boryaiiiim this grouping of inter¬ 
sections is universal in the more regular sixtcen-cclled colonies and 
the paired contact of cells 2 and 6 is one of the most obvious differ¬ 
ences between the two species in their intercellular relations. 

If the tips of the lobes of a tell of series TI. be connected in 
serial order, d-, by straight lines* wc have a trapezoid with 
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Its longest side away from the center of the colony. In the ease of 
the central cell we have a trapezoid with its longest side connecting 
the apices of the basal lobes. As in P, B&ryanum, five of the outer 
cells stand radially outward from the five cells of series II. and five 
stand radially opposite the surfaces of contact of the cells of 
scries 11, 

Cells eight and sixteen, nine and fifteen, ten and fourteen^ eleven 
and thirteen are paired to the right and left of the axis of the col- 



Fig. d Ptdiastrum sif^erum. Very colony or^lzation as de¬ 

scribed for Fig. s* This colony served as the model for the type di^am for 
the species given in Fig, 7, X atioiit 325. 

Fig, 7, Type dEagraln far A asp^rum. Angles of intersection of all the 
walls made iso^, Intcreelluhir spaces and peripheral spietts sketched free¬ 
hand from the colony shown in Fig, 6. Numbering of cells and lettering of 
angles as m diagratn of F, FaryaJTWfflj. fig, 35, 

ony. The adaptive and £>'mmetrical adjustment by which, with the 
products of cellular bipartition to be grouped, wt get five instead 
of six cells in series ll-p thus leaving ten for series III,, which can 
be so spaced as to place one ceU opposite each cell of series 11. and 
one cell opposite the surface of contact of each pair of cells in series 
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IL, is just as conspictious here as in the case oE F. Bory^num. The 
delicacy of the pressure and contact responses which prevents the 
placing of six, the nont^al least-surface number, around the central 
celh thus leaving only nine for the peripheral series, and resulting 
in quite asymmetric contact relations between series II. and 
affords good evidence of the efficiency of cellular interactions in the 
production of morphogenetic adjustments. 

The four-lobed form of the ceils and the spacing of the five cells 
of series II. abouE the central cell and the ten cells of scries III, 
about the five cells o( series II.j. leave free intercellular areas and 
the symmetrical distribution of these areas in such fashion as to 
maintain most perfectly the rigidity of the colony and the equality^ 
of the cells has led to the development of one of the very obvious 
differences between P. asperum and F. BoryuMiriJi. This is per¬ 
haps the most conspicuous difference between the two species. The 
cells instead of being in contact on the entire extent of their adjacent 
surfaces show a series of intercellular openings w'hicb perforate 
the plate-shaped colony like the holes in a sieve. An intercellular 
space is formed between each pair of contact w^alU of the sixteen 
celU, They are of such form and are so placed that the interior 
cells of the colony have the four-bbed form of the peripheral cells- 
The cells of the whole colony are thus, as noted abovct much less 
differentiated in form than those of the colony of F. Boryanum. 
The inner cells differ from the outer cells, broadly speaking, only 
in that their peripheral lobes are blunted and shortened where they 
meet the inner lobes of the outer series, F, anspermn conforms 
much more nearly to the definition of a ccenobe as a colony of cells 
quite similar in form and function. 

One might conclude that we have here a simpler type in Avhicli 
cell differentiation has not yet gone so far as in F, Boryanum. I 
am inclined to the view^ however, that in reality P. tispentm is the 
more specialized type and expresses more fully the form-determin¬ 
ing tendencies which have led to the development of the spines or 
lobes on the peripheral cells of the colony of P. Fnn'ajiiiwi. 

As we shall find from a study of the method of reproduction 
in the colony, the cells all inherit alike the tendency to the four- 
lobcd form. This is obvious even in the interior cells of the colony 
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of Boryamitn. Tlidy all show a reentering angle on their periph¬ 
eral sides. In P. a^perum this tendency to the four-lobed form has 
come Aiore fully to expression, overcoming to quite a degree the 
adhesion of the cell surfaces so that each cell may assume the form 
to which its inherited tendencies predispose it* The possible origin 
of this tendency in the intercellular relations of such groups of cellsp 
1 shall discuss later. 

In form these intercellular spaces vary' from youth to the 
adult reproductive conditionp as wiQ be noted later in discussing 
reproduction. They also show some degree of variation in differ¬ 
ent individuals of apparently the same stage of development. In 
their curved outlines they express veiy^ fuUy the tensions existing 
in the protoplasm of the cells and the contact relations of the cells 
in the colony. In colonies with atypical cell arrangement ^ they may 
become highly varied in different regions» expressing fully the dtf- 
ferent and irregular tensions set up in such abnonml or subnormal 
groupings (Figs. 26-28}. 

In number, form and position these intercellular spaces form 
two series, four between the central cell and series IL and ten be¬ 
tween series 11 - and III., the outer series. Of the four intercellular 
spaces of the inner series two* a and c (text-fig. 7) lie on the axis 
of the colony, and the other two, and are symmetrically placed to 
the right and left. These four spaces are of three forms and sizes, a, 
the largest, is broadly triangular to shield-shaped {Figs. 5+ 6) ; c, the 
second in size, is roughly an asymmetrical ellipsoid with its greater 
convexity toward the central cell, and t and e arc still smaller and 
more or less symmetrical ellipsoids with pointed poles, somewhat 
lemon-shaped. 

The outer series €onsist$ of five larger* ovoid to shield-shaped 
spaces, I, Of t and q, and alternating with them five smaller 
spaces. /, hf /, / and p. One of the larger spaces, g, and one of the 
smaller. are bisected by, the axis of the colony. The remaining 
four of the larger group may be regarded as forming two pairs, a 
pair, I and symmetrically placed to the right and left of the axis, 
nearer the uj pole of the colony, and nearer together than 0 and 
the similarly placed pair toward the n pole. The remaining four 
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smaller spaces also fomi two pairs, /. p and h, t, placed as are the 
larger pairs but with the nearer pair toward the ii pole of the colony. 

In their relation to the cells between w'hich th^" ocent the inter- 
cellular spaces form two classes, those formed at the points where 
three cells come together and where three walls intersect and those 
formed by retraction of the plane contact walls of two adjacent 
cells: in other w'ords, the intercellular spaces rvhich are bounded by 
three cells and those which are bounded by two cells. There are 
six of the first class, five in the outer series, and one. c, m the Inner 
series, and there are eight of the second class, five in the outer senes 

and three in the inner series. ^ 

These spaces, as noted, get their outlines and positions from the 
tendencies of the cells to assume their hereditary four-lobed form 
and not merely as an expression of surface tension and rounding 
up such as results in the triangular intercellular spaces m many loose 
parenchymatous tissues and in the colony of Gomi'jiiHv The final 
and definite form of each cell in which k differs froin its neighbors 
arises during growth and in irregular colonies these differences may 
be ven- marked (Figs. 23-27). They may consist in inequality in 
the length of the lobes with greater or less blunting of their tips, 
curs'ing of the lobes, Or deformation of the whole trapcjoidal out¬ 
line of the cell till it becomes rhomboidal or some other form. The 
growth of the cell will result in the protoplasm as flow^e and ten¬ 
sions in the direction of the growing lobes and such tensions exerted 
at four points of the viscous mass will tend to produce a simple cate- 
noidal defotniation of the whole such as arises in all semi fluid, 
viscous bodies under tension of any sort. Retraction would nat- 
urallv occur on the surface of contact midway in the regions of ten¬ 
sion'simulating a tendency of the whole mass to break up into four 
droplets. The cunes hounding the intercellular spaces in the fig¬ 
ures (see Fig. 3 especially) are the obvious expression of tensions 
exerted on the cell mass in the direction of the four lobes. The 
degree to which this tendency to catenoidal deformation will come 
to expression will depend on the viscosity of the protoplasm, the 
adhesion of the cells to each other, etc. It is in these particulars 
that the species differ and the same species may under '.'arying con¬ 
ditions or at different stages of development differ in such charac- 
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teristics. There is no question that P. Boryanam may at tiines* and 
m the same fashioiip devdop intercellular spaces, though I have 
never seen them so symmetrically and strongly developed in this 
species as in P. aspermnr The prcxiuction of the general fonr-lobed 
outline isp as evidence given below shows, a result of the inherited 
form of each cell rather than Its pressure relations in the colony. 

There i$ further to be considered a cenain suggestion of a want 
of cortelatbn between the form of the cells and their pressure rcla“ 
tions in the colonies of Paii<utrum. Regarding the young cells as 
equal and rigid globular bodies in one plane* the central cell in a 
sixteen-cellcd group would be in contact wiEh and pressed by five 
* cells symmetrically placed about it. Each of the cells of the second 
series would be in contact with four cells which are not equally 
spaced about h- The celb of the third series In such a figure 
would be alternately in contact with one and two celb;, correspond¬ 
ing to the contacts of the cells of series III. in the actnal colony 
which arc alternately in contact with three and four cells (Figs. 
6, 7)+ If now the globular cell bodies yield to pressure and flatten 
upon each other, filling the empty spaces in the group^ they will 
(except the central ccU) tend to become oblong and fournromered 
like the mature cells of P^diasiritift. On the other hand^ the 
CQmmoiicst ferm of Bit thirty-two-cetkd colonies the ccfitral cell is 
m with the six cells of the second series^ and each of the six 

assumed globular bodies would be in contact with five cells not simi¬ 
larly placed. In the third series of ten, two such globular cells 
would be in contact with four each, six would be In contact with 
three each, and two would be in contact with two each. In the 
outer series fourteen of the fifteen globular cells would be each in 
contact with one cell* while one would be in contact with two cells* 
and yet all these cdls in both the sixteen- and thirty^-two-ccUed colo¬ 
nies grow Into the characterisdc four-Iobed form with the resulting 
contact relations found in the mature colony in whkh in the 
sixteen-celled colony, for example, the cells of the second series are 
each in contact with and pressing against six cells and the cells of 
the outer series are altcmately in contact with one and two cells 
each. The new specific contacts and pressures arising in grow^th 
are due to the inherited iour-lobed form of the cells, which none 
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the less, in my opinbo, may have arisen in evolution from the pres¬ 
sure and contact relations of the young cells in the common sixteen- 
celled colony, regarding them merely as surface tension globules. 
We may conceive, as is described below, that iransitorily the young 
cells at once flatten upon each other and thus give the figure of 
P. Boryanum with no mtercellular spaces. The spaces then start 
to form with the first growth of the young colony in such a fashion 
as to make the resulting four-lobed cells as nearly isodiametric as 
is possible with the numbers involved and the inherited tendency 
to adhere together in the most compact figure possible {groups of 
three), li U quite conceivable, then, for the sLxteen-cellcd colony, 
that out of the incompatibiUlies resulting from the laws of biparti¬ 
tion and surface tension^ both operating in the case of an organism 
whose cells tend to adhere in colonics^ the four-lobcd form of the 
cells has been developed from cell forms such as we find in P. 
inttgfum. It is easy to recognize certain physical stimuli which 
have been present; first, surface tension tending to keep each cell 
isodiametric isecondr perhaps during grow th, functional hypertrophy 
as we have observed its action in the case of Hydradictyon; third, 
adhesion tending to keep the contact surfaces plane; fourth, cate- 
noidal deformation, due to growth tension in the direction of the 
lobes^ Each cell is originally like its fellows—globular or ovoid bit 
of jelly. Adhesion during the writhing motions of the final stages 
of the swarming pericid leads to its being flattened upon its neigh- 
bor+ This may be favored by low turgor at this period, but we 
have little evidence on this point. In P. Boryanum the cells, as a 
rule, adhere permanently over their entire original contact surfaces 
and thus maintain their primary contact relations. In P. aspt^rum, 
however, the surfaces of the cells tend to separate. The degree 
and location of this separation may be determined by the tendency 
of the cells to catenotdal deformation as they grow rapidly in the 
axes of greatest resistance as developed by their four-lobed form. 
The cells of the whole cobuy, with the exception of the central celli 
are longer in their tangential axes than in their radial axes, since 
five cells fill the space which six should occupy b the second series 
of a least-surface group and ten fill the spaces of twelve in the outer 
series. Surface tension tends in each cell to equalise the^e two 


AKD INHERITANCE IN PEDIASTRUM. 


3S7 


axes. Taking cell 4 an example, the presstires upon it are from 
the cells i, 3, lU 12, 13 and 5 and in tending lo round up while 
developing its pressure relations with these cells it forms the wedge- 
shaped surfaces of contact inclined to each other at the character¬ 
istic angles of i20“. The axes of major growth of the celb after 
the early stages are just what ihey w^ould be expected to be on the 
principle of functional hypertrophjfp though as showm beloWp the 
cells are capable of reaching their typical form even when their con¬ 
tact with other cells has been reduced to a minimum (Figs. 29-33)^ 

The strongly four-lohed cells are in their form adapted to the 
expression of a typical surface tension configuration for the ’ivhole 
sixtcen-celled colonvp but this form does not apparently depend for 
its expression in ontogeny on the contact relations to which it is 
so perfectly adapted. Whether in phylogeny, as noted^ It w^as not 
a result of the cellular interact ions existing In the colony is,^ of 
courscj quite another question. The fluctuating variations in the 
form of the cells and of the intercellular spaces are the direct ex¬ 
pression of the effects of functional response to environmental influ¬ 
ences operating In ontogeny. But the cell is able independently to 
develop its fundamentally four-lobcd form. 

It may be that we have here a case of an adaptive form char¬ 
acter which arose in direct response to and as it wxre determined by 
environmental factors of cellular interaction w^hich has become so 
fixed that it is now^ transmitted in cell division and comes to typical 
expression wHthoiil the need of the stimuli of adhesion and pressure 
relations w'hich griginally called It Into being. The considerations 
here developed apply, of course, especially to the sixtccinzelled 
colony. The case of the thirt>'‘two-celkd colony wull be considered, 
as noted bclow’^ in another connection. 

It is during growth that the Intercellular spaces are developed. 
As the cells of the colony reach their mature size the intercellular 
spaces become again relatively smaller. The cells now^ increase 
their volume by expanding in the direction of least resistancOp that 
is, toward the intercellular spaces. As they prepare for reproduc¬ 
tion by Swarm spore formation this swelling becomes very marked 
(Fig. 8), The ovoid spaces become t^iangular^ as does the large 
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Space. The spaces between two cells become flattened to thin bi¬ 
convex lensc-formed figures. This change of form is accompanied 
by increased density of the cell content, which also becomes more 
deeply green in color. It appears that the cells are accumulating 
reserve storage products to be used in the reproductive period. 
The distinction bettvecn this sort of growth and that at the earliest 
period, when the cells were developing their long lobes and large 
intercellular spaces, b obvious and parallels the distinction betvrcen 
the periods of growth and of maturing with the accumulation of 
reproductive reserves in adult many-cclled plants and animals. 

REPRODUCriON tN P, ASPERUM- 

Al. Braun (*51) reported De Barj’b discovery of the gametes 
of Pedio^tnon in 1831 and Askenasy (’8S> has described their con¬ 
jugation and shown the similarity of the life history to that of 
Hydrodictyon. Askenasy ('SS) shows fully that the final forma¬ 
tion of the new colony is essentially the same process when it comes 
from a aj'gospore through the polyedcr stage and when it is formed 
directly by asexual reproduction from a cell of a parent colony. 

The method of asexual reproduction in Pediostrmn has been 
correctly understood since the work of Mcyen (’28)« who saiv the 
escape of the swarmspores, their free motion and later their com¬ 
bination to form the young colony and Nageli (’49) correctly con¬ 
cluded that since the number of cells in a colony is regularly a 
multiple of two the cells must have arisert by bipartition. To be 
sure. Conn (’08) rather casually describes the swarmspores as con¬ 
tinuing to divide after they have come to rest. Whether this state¬ 
ment of Conn’s is based on his own observations or is merely an 
a priori guess at what seems to him probable is not clear. Nageli 
(’49) in 1849 had already convinced himself to the contrary. There 
can be no question but that the process of cell multiplication is com¬ 
pleted before the swarming period. 

I have phott^aphed more or less successfully a large number 
of colonies with mother cells at various stages of division. There 
can be no question that here we have a process of successive biparti¬ 
tion of a multinuclealed sporeplasm. Smith (T6) has figured from 
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sections stages showing the cleavage of numerous segments of the 
sporeplasm and my photographs show the first division, four-cell 
stage, etc. Smith's figures show clearly that the cells divide by 
furrovrs and that regular kary^okinctic figure* appear in nuclear 
division. The swarmspore is uninudeated and the sporeplasm be¬ 
comes multinucleated before tell division begins. 

When the colony is to reproduce itself the cells become extremely 
plump and to some extent lose their deeply four-Iobed form {Fig, 
S). The spinous projections tend to be drawn in perhaps, though 
they do not entirely disappear in any of the species. This is vveU 
shown in figures of F. aspmm, S, 9, and lO. and at a later stage 
when deavage is well along in Figs. II, 12 and 14, These forrn^ 
would hardly be recognised as belonging to P. aspernm if it w'ere 
not possible to find all conceivable intermediate forms between these 
very turgid typc$ and the immature colonies with slenderly lobed 
cells^ such as are $how*n in Fig. 6. In such species as P. clathratum 
3) ^ery deep sinuses and slender-branched cells it is 

plain that the four-pointed cell form maintains itself strongly even 
against the effects of increase of turgor. 

As Askenasy ('88) noted, the nuclei are readily recognizable at 
this stage. Askenasy mentions, but without figures, that the cell 
division proceeds hy a series of successive bipartitions. Figs. 10, a 
and show the mother cell dividing into two. Cells f in the 
same figure show at least the beginnings of the fourteen stages. It 
is very difficult owing to the density' of the edl contents at these 
stages to bring out the cleavage clearly in photographs, though the 
furrows are easily visible on focusing. The divisions apparently 
occur by constriction furrows from the plasma membrane inward 
as described by Smith ('16), as noted, and by Tiraberlake ('02) for 
HydrodictyofK There is no indication of the formation of cell 
plates, so far as the appearance of the living material is concerned* 
That we really have constriction furrows forming here and not 
merely lines of simultaneous cleavage as claimed by Swingle ('97) 
for StypQcatdon and by various authors for a number of fung! 
(Baum, ^00, Kusano, '09, Barrett, * 12 , Griggs, *12) is suggested by 
rnoc. AMEX. PHIL, soc.. vot. Lvir aa. avc. igi. 191S. 
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the rounding up at the edge$ of the clefts resulltng in open furrows 
over the surface before tlic cell is completely cut through. 

In these pluitip-celkd forms which are about to reproduce the 
intercellular spaces are much reduced in area and their form is 
somewhat changed (Figs. 9-14). The cells nrtay, however, reach 
maturity and divide without becoming so plump as those shown in 
the cases just noted. In the stage showu in Fig. 13^ cleavage is 
complete and yet the teUa are much more deeply lobod than those 
in Fig, iij where sleavage has only reached the eight- to sixteen- 
celled stages. 

The study of the living material is very convincing as to the 
existence here of division hy centripetal furrowing, with rectangular 
intersection of the cleavage plane^^ The first cleavage plane is 
regularly in the short axis of the cell (Fig. lo)^. The successive 
planes of division cut each other approximately at right angles 
through the four- and eight-celkcl stages. In the sixtcen-cclkd and 
thirty-two-celled stages there are modifications due to the irregular 
outline of the mother cells. In gene rah howevert the whole series 
of divisions tends to illustrate the principle of rectangular inter¬ 
section. 

These processes of division as a rule take place during the night, 
as Smith has noted (^16), and swarming occurs at daylight* or a 
little later in cool weather^ This is also the case in Hydrodictyon 
(*^08). By sealing up with hot paraffiiie an ordinary w^ater mount 
containing well-grown colonies of Fediasimm this rhythm may he 
readily disturbed. It is probable that the accumulation of waste 
products is an important factor in such cases* At any rate in prep¬ 
arations sealed up on the previous evening colonies in various stages 
of division may he found the next day. The division geses on much 
more slowly under these conditions or may be inhibited all together. 
1 have kept cultures so sealed for long perirwls without visible de¬ 
terioration of the colonies. The young colonies may continue to 
grow for some time, but after the first day or two no cell division 
occurs. The colonies may be kept alive for six months if they are 
kept sealed and not allowed to dry out- 

The appearance of the mother cell after division is practically 
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complete is shown in Figs. 12, 13 and 14. Not all tlie division lines 
can be brought out in the photograph. The mass is too thick and it 
is plain that the swarmspores are in at least two layers. In these 
reproductive stages, when the cells have become very turgid, and 
especially during the stages of cell division, the mother colonies lend 
to lose their flatness and become curved and bent in various ways 
so that it is extremely difficult to get any large number of cells in 
focus at once. Colonies ivith cells in which division is complete 
w^hen freshly mounted at daybreak are liable at any moment to show 
the beginning of the swarming period. The cells of a colony rarely 
swarm all at once. As a rule only part of the cells divide in any 
one night and in the same way there is a succession in the initiation 
of active movement in the mother cells, suggesting that internal as 
well as external factors may be concerned in bringing about the 
active swarming period. When once the swarm cells begin to move, 
however, the succeeding stages are normally run through with great 
speed and with no halting. The daughter cells first seem to round 
up against each other and lose the rectangular outlines which have 
been maintained by their mutual pressure. Slight twitchings and 
quiverings can be seen in the mass vifhose significance is hard to 
grasp but almost immediately the swarmers begin to glide upon one 
another and show writhing, struggling movements. The mother cell 
now" hursts by the familiar crescent-shaped slit on its upper or under 
surface and its contents slide out in the form of a sack or vesicle 
containing the writhing mass of young swarmspores. This sack, 
Al, Braun ('51) rightly observed, is the inner layer of the wall of 
the mother ceD. It is elastic and expands to over twice the diameter 
of the mother cell as soon as it is free. In thus expandiug, how¬ 
ever, it still maintains the four-cornered outline of the mother cell, 
as my photographs (Figs. 18-20) show. The two peripheral 
spinous projections of the mother cel! are still rccognliable on it as 
two symmetrically placed papill®. In the increased space provided 
by the expansion of the vesicle the movements of the swarmspores 
become much more active. The writhings become zigiag dashings 
to and fro. The swarmspores shoot about in all directions through 
the mass, which has become much looser, and into the open space 
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around This is a perfectly free swirnniing movement Eke that 
at the corffispondin^ stage in Hydrcdtctyon. Oltmanns (*04^ p. 
^94) remarks that the zoospores probably remaiii connected bj 
threads of protoplasm but apparently has only Klebs" ('go> mistaken 
contention as to the corresponding stages in Hydr^dkiycn as the 
basis for the statcinent. A single spore can frequently be followed 
clear through the mass or halfiivaj' round Us periphery^, 

Thil most active sw-arming period continues for three to four 
minutes when conditions are fav'orable. It is followed by ^ rather 
Sudden sloiiving down and now the outlines of the future colony 
appear. The sudden appearance of order out of the chaos of 
swarming bodies is most striking. The circular outline of the 
plate appears first and the peripheral cells seem to slow down in 
their movements^ while those in Ebe interior are still quite active. 
The free-swarming period thus passes over into a second and much 
longer period of writhing and stmggling in which the cell$ do not 
move far from their places, but push this ivay and that betw een and 
over each other^ crowding and turning around and over without 
gcEting completely out 01 connection with their neighbors as they 
did in the earlier free-swiniming stage. Coincidently with the slow¬ 
ing down of the movements of the sivarmspores they begin to take 
on the four-lobed form of the adult celb. This change is very 
conspicuous. The oval swarmspores seem as if they w-ere about to 
divide Tdto two (Pigs. 15-20), Each cell^ as the figures show^ 
almost seems to be made up of two pear-shaped halves, the narrowed 
ends of the halves being ihe future spines. This sudden assump¬ 
tion by the sw'armspores of the four-lobed form is a very striking 
and conspicuous fact at this stage and h accompanied by rapid 
growth and mutual pressure between the cells^ Walls are formed 
and the cell contours become more clear cue and definite. Alt these 
changes begin with the slowing down 0! the movements’ of the 
swarmspores. The process suggests very strongly the effort of the 
cells to get into verj' specific relations with each other and as close 
together as possible, thus forming the compact plate-shaped colony. 
As the movement dies away, the behavior of individual cells can be 
fo 11 o\^ed with more exactness. A change of posttiou of one cell 
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3 pparently may lead to a change of position by all its neighbors and 
these mtittial adjustments and readjustments continue till it seems 
that a sort of equilibrium is reached. Smith has figured the changes 
in position of the cells at successive inter\'als As noted, the 

cells in the peripheral series apparently get their definitive positions 
first, while movement is still quite active in the interior of the young 
colony, I have not been able to determine Just when cilia appear in 
the swarmspores Or when and how they disappear, but doubtless 
the duration of the active movements of the cells is an index of the 
limits of the ciliated stage. 

To giv*e some hint of the size relations and general appearance 
of the mother cells and the daughter colonies as they are first formed. 
I have had reproduced in Figs, 15, 16 and 17 photographs of three 
stages in the development of a mother cell into a young colony. The 
difficulties in photographing such stages are very great, as rather 
long exposures are required and it is not easy to find any consider¬ 
able number of cells in the same focal plane. Fig. 15 shows the 
last two cells of a mother colony in which cleavage is complete and 
swarming is about to begin. All the other cells are already empty 
and the walls of some of them show faintly. Two young colonies 
partly out of focus lie nearby. The irregular grouping of the 
swarmspores in the mother cell shows nothing of the organization 
of the future colony. There is no evidence of mosaic or any other 
tjpe of predetermined form inheritance here. In Fig. iG, from a 
photograph taken a few minutes later, swarming has begun in one 
of the two mother cells. The vesicle has escaped and lies partly 
beneath the remaining mother cell. The swarmspores are in active 
motion and appear only as a gray cloud. It would, of course, re^ 
quire a verj' short exposure to catch these moving bodies in sharp 
focus. This figure is less highly magnified than the preceding one 
and, in all, seven young colonies and part of an eighth are shown 
li'iiig near, all of them having come earlier from the same parent 
colony to which the cell just swarming belongs. The figure is 
printed more deeply, so that the contents of the remaining mother 
cell appear black, and parts of the outlines of the adjacent empty 
cells appear more clearly. The attempt was made to focus on the 
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active mass of swarmsporM but the plane of the picture is a little 
too high and the faintness of the swarming group is partly due to 
this fact. Fig. ly i$ from a plate exposed four or five minutes 
later. The young colony lies partly beneath the second mother cell 
but its outlines are in evidence and it is seen to be made up of 
three concentric rings of cells like the other young colonies lying 
about. Six of these sister colonies and parts of two more are shown 
in this figure. The plane of the picture is a little belo^v that of 
Fig. i6 and other parts of the young colonies are in focus. 1 have 
no positive proof of continued ciliary activity in colonies as old as 
these, but none the less as one watches them they are seen to tip 
from side to side and even shift their position slightly. Such move¬ 
ments may well be due to slight currents in the water. 

As noted^ these photographs cannot be regarded as successful, 
but they give a notion of ihe relative sizes of the mother cel! and 
the young colony at the time of its birth and the general relations 
under which the morphc^enetic processes take place* With the com¬ 
plete cessation of the movemenEs of its component cells it is obvious 
at once that the organization of the future colony has been achieved. 
W ith the establishment of the peripheral series the young spinous 
projections are in general all pointing radially outward (Figs. 15- 
20). In the same way in the inner series, generally speaking, the 
two-lobed cells have the long axes of their lobes in the radii of the 
colony viewed as a whole, just as in the fuH-grown colony. The 
same exceptions and variations from these rules of orientation can 
be found in such young colonies as are present in the older ones. 
The relative number of cells in the outer and inner series, their 
contacts and the shape of the intercellular spaces are all fixed as they 
remain throughout subsequent growth and development. Rather 
rapid grow th continues for an hour or so, and with the increase in 
size of the individual cells their mutual pressure and the develop¬ 
ment of the intercellular spaces make the specific organization of 
the colony more conspicuous. 

Summarizing, we may distingtiish roughly five phases in the 
vegetative reproduction of Fediastrum. 

I. Nuclear division vi'hich goes on during the vegetative growth 
of the cells and by which they become multi nucleated^ 
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2 . Cell divisiori by repeated biparti tions in geiicral according to 
the principle of rectangular mtersections. 

Escape of the vesicle contemporaneous with qniveriiigs and 
then slow writhings of the swarmspores for a very brief period^ 
passing at once into 

4, The free-swimming stage, lasting several minutes, in which 
the swarmspores dart about In entire freedom from each other. 

5. Slow writhing stage, in which the swarinspores gradually 
perfect the spatial intemlatbns found in the adult colony. 

The description of reproduction just given may be regarded as 
representing the process near its optinium as to speed and efficicnc>\ 
The resulting young colonies (Figs. 15-17) are fairly regular in 
the arrangement of their cells and rounded in outline. Such con¬ 
ditions are as a rule only achieved in the case of colonies favorably 
situated and brought under observation only a short time before 
svvarttiing occurs. In the case of colonies sealed under a cover glass 
as described above for from six to twenty-four hours before repro¬ 
duction occurs there are some marked modifications in the process 
which lead to cliaracteristic changes in the shape of the young col¬ 
ony. One of the commonest deviations from type in the colonies as 
found in nature is seen in the tendency to be oblong or oval instead 
of circular in outline. The explanation of this modification in form 
can be discovered at once by observing the reproduction of colonies 
which are unfavorably placed. As noted, divison and swarming 
may sometimes be completely inhibited if the colonies are mounted 
under a cover glass and sealed before they are full grown. how¬ 
ever, they are about ready to swarm and, for example, are mounted 
some time in the night before the moming on which they would nat¬ 
urally sw'arm, the process may take place later in the day. Swarm¬ 
ing may thus be delayed for several hours and In such cases it is at 
once seen that it is less vigorous. 

The free-swarming period is shorter or may disappear entirely^ 
the swarmspores only w^rithiug and twisling about >vilhout really 
getting out of contact with each other. The whole active stage i$ 
shortened. This may go so far in ccrlain media that the swarm- 
spores scarcely move at all (*88). The fact is to be at once observed 
in all such cases of a less vigorous and shortened svrarming period 
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that the resukiiii^ colonies are never drciilar in outline bnt always 
somewhat elongated In one axis. The spinous projections are less 
constantly radial in their position and the intercellular contacts 
and intercellular spaces are far from what I have described above 
as typical. Photographs o£ such irregular colonies still inclosed in 
the mother vesicle ate shown in Figs, iS-20. It is difficult, as noted, 
to bring out the vesicle in a photograph. I have traced over with 
dilute India ink the outlines of the vesicle In Figs. iS and 20 to 
bring out more sharply the points involved. Fig.- 19 is left as 
printedp but the faint outline of the vesicles and their papills can 
be made out. In Fig. 20 an edge view of a young colony in its 
vesicle is shown. The figures shoAv clearly enough that the long 
axis of these irregular oblong and oval colonies lies in the long axis 
of the mother cell. The vestcle, although gelatinous and swollen, is 
apparently elastic and always maintains the outline of the mother 
cell even to the retention as noted of two papillae representing the 
spinous projections. The conclusion is obvious that these unfavor¬ 
ably situated colonies with reduced activity in swarming are unable " 
to achieve the ty^pical compact circular plate form and the outline 
of ihc young colony is influenced by the oblong shape of the en¬ 
closing vesicle. The achievement of alt the nice adjustments neces¬ 
sary in making a typical least-surface figure requires more effort 
than the cells of these weakened colonies are capable of and as a 
result they conform more or less to the outlines of the confining 
vesicle. Sometimes the result is a flattening of the outline of the 
colony along one or both edges. Again the result is a more ellip¬ 
soidal, form. In cases of extreme weakness the colonies may be 
rather angular (Fig, 23)^ conforming quite completely to the outlines 
of the mother cell and, as Askenasy ("88) notedp sometimes not 
escaping from it. In these extreme cases the colonies are practically 
always irregular in all their dimensions, with the cells more Or less 
piled upon each other, so that the colony is more than one layer 
thick. The spinous projections also tend to disappear under these 
conditions. The effect of environment in modifying and disturbing 
the morphogenetic processes is thus most clearly shown, and we 
can class a whole series of such divergences from type as strictly 
epigenetic and environmental in their origin. The shape and strtic- 
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ture of any given colony of Pediasfrum conforms to it5 t>pe in so 
far a5 the environment permits. The multiplicii^' of divergences 
from the type form for the species is an index of the vaiynng de¬ 
grees of favorableness in the surroundings of the parent colony and 
mother cells. The relations of unstable cquilibiitini between the 
units of a group of sixteen or thirty-two^ as compared with a group 
of nineteen or thirtj'-seveni give unusual opportunity for the play 
of such environmental influences. 

Fluctuating Variations in the Intercellulas R£lat[ons in 
THE Colonies of P, asterusi and P, Borvanum. 

The evidence from the above account of asexual reproduction is 
clear that the colony of Pedtasirufn h formed by the interaction of 
a group of free-swarming zoospores without the possibility of any 
predetermination of its form as such in the arrangement of the parts 
of the mother cell A cell can apparently fill any place m the group 
which forms the young daughter colony. A colony under favorable 
conditions may attain the rounded outline of a typical least-surface 
configuration for such a group of cells or under less favorable con¬ 
ditions it may conform more or less wholly to the outline of the 
mother cell even to the extent of remaining tw*o-layered. I have 
also described above the genera! arrangement of the cells and inter¬ 
cellular spaces in a ty'pical adult colony of R aspenan, and ive may 
now^ turn to the question as to the kind and degree of variability 
Avhich the colonies as they are found in nature exhibit. 

In the continuous disk of the typical sixteen^Ued colony of P. 
Boryaimin 1 have showm ('i6) that the angles of intersection of the 
cells w^alls v^kty considerably in different parts of the colony^ the 
correspondingly placed angles right and left of the axis of the col¬ 
ony tending to be equal. The angles of contact in any fairly typical 
sixleen-celled colony of P. <^p€rum (Fig, 6) are, go far as I am able 
to determinCp quite constantly 120*, The difficulties of measure¬ 
ment here are much greater than in P, Boryauumj since the presence 
of intercellular spaces reduces the surfaces of the cells in contact and 
the length of the lines by which the angles are measured. Small 
variations are no doubt quite regularly present, but they are AVithiu 
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the limits of error by any method of measurement I have been able 
to use. If the ordinary semTcirctdaT protractor is used and newly 
placed for each reading the results show fluctuations of from I *-3^ 
betw'een the angles. If, hosvever, the circular protractor \yith. lines 
marking the angles of 120^ is carefully placed so that the three 
angles can, as it were, be simultaneously read, it is at once apparent 
how closely the angles approximate lao"*, and that the deviations in 
most cases are so slight as to be practically indistinguishable from 
appearances due to inequalities in the thickness and density of the 
cell walls, middle lamellae, intercellular substances, etc.^ as shown in 
the photographs. 

TABLE L 


Ancles of Ist^fiSEcnoN of tpe Chx Walls in a Selected 
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Higher magnifications making the wall lines bounding the angles 
longer do not essentially help the situation. I have enlarged to a 
diameter of about 8 cm. the photograph of P* aspcruiii {Fig, 6) and 
carefully and repeatedly measured the angles at each poiut of co-u- 
tact for the whole colony. The results arc given in Table I. The 
order in which the angles were read is indicated by the lettering 
a, b, f, at the points and d. 1 have not been able in these meas¬ 
urements on P. asparum to distinguish between the angles adjacent 
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to the brgc and small intercellular spaces, that isp the re^ons of 
contact of three and two cells respectively about the points d, d\ d", 
etc.^ as I did in the case of P. Such differences if they 

arc present in F, asperum are within the limits of error with the 
methods of measurement I have so far been able to employ. 

The deviations from 120° range from 117^ to The method 

is notp however, exact and the successive series of measurements 
from vrhich the averages in the table are derived have little value 
further than to show plainly enough that the hucEuations here arc in 
most cases relatively slight, and that they appear to range rather 
equally about 120® for all the cells in the colony. 

I have some slight evidence that the inner angle a of the three at 
the points etc., and d, d\ d', etc., averages a little larger than 

the other tivo angles, b and r, but the evidence is by no means ade¬ 
quate on this point and I reserve the data till some further method 
of testing the questions involved has been devised. It is obvious 
enough that the fluctuations in the values of these angles of inter¬ 
section are much less tn than in P. Boryanum and this 

fact is evidently correlated directly with the formation of the large 
intercellular spaces in P* w^hich permit a curving of the 

lobes and a general distortion of the whole cell body ’ivhicH results 
in a more perfect equilrbrium between the surface forces at the 
points of contact of the cells. 

The relative degree of conformity to type in a series of the 
sixtecn-celled colonies of P. asperittn can be better studied by com* 
paring the angles subtended by each cell about the center of the cob 
ony. These angles can be measured ivilh more accurae^^ and, while 
they show considerable individual variations, the averages of the 
rather small numbers obtained show- considerable constancy. We 
may take first a series of fourteen colonies whose cells arc arranged 
in the most common order, namely, one in the center with five 
around this in the so-called second series and ten in the third or 
outer series. 

It is plain from the table that the bases of the cells of both the 
second and third series tend to be equal and regarded as arcs of a 
circle about the center of the colony r (Fig. 7) subtend approxi¬ 
mately equal angles. The cells of scries II, occupy on the average 
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from 71'' + to 72* 72° boing the t^^ical angle for such a group, 

I have measured the angles occupied by tells 2 and 6 , together^ as 
the arc which subtends in the average of the fourteen colonies 
an angle of 143^* Dmding this equally between cells 2 and 6 gives 
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them €:ach an angle of 71“+. The smallest angle for any of the 
cells in series IL in all the fourteen colonies is 64° in colony 235, the 
largest is 7S* in colonies lOi and 356. The range of fiiicEuating 
variation is hence in the fourteen colonies 14* or a little less than 
20 per cenh of the normal. 

The bases of the cells of series III., as the table shows^ subtend 
angles varj'ing in the averages from 35.6* to 37^1®. 36^ being the 
typical angle. The smallest angle in this series is 32^ and the 
largest 41*, a tange of fluctuation of 9". While the number of 
colonies whose angles have been measured is not large^ it seems to 
me evident from the data that there is a marked tendency to equal- 
ity in the spaces occupied by the cells in each series and that the 
typical configurations about which fluctuation occurs would give 
each of the cells of series II. 72® and each of the cells of series III. 
36”- If we arrange the angular measurements of the cells in series 
ir. in a series so as to show^ the frequency of angles of each par¬ 
ticular value, while there are marked irregularities in the series, we 
have evidence of chance distribution about the value 72°^ as a mode^ 
31 angles measuring more than 72" and 29 angles measuring less 
than 72* {see Table III.). Treating the angles of series III. in the 
same way we find in spite of fluctuating irregularities 59 angles 
below the mode at 36* and 58 angles above the mode (Table III.). 
Here again there is evidence of chance distribution about 36^^, the 
value of the t)-pical angle for sudi a group wnth least-surface con- 
figuration. 
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For P. Boryamifii I have elsewhere ('16) given the data as to 
the organization of the colony based on the study of an individual 
selected for its regularit>% The comparison of the type dimensions 
obtained in this fashion with those obtained from averaging a series 
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TABLE IV. 
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I 3 S 


. 

13 a 

113 

135 

+ * + ■ + !« 1 § *■ » + 4 I- + ■ 

* 

loB 

124 

13 S 

30 *>■ + + + .« + ■l+ 4 +-! 4 ‘->- 

. 

IJD 

' 130 

[30 

33 +- 


IIS 4 

JI7 

13 S 

55 -^^ + ^.- 

+ 

[IE 

121 

I2S 

Totali-...,*, . + . + 4 . 

. 


fiat** 

854 “* 

Av., 


Hi* 

117® 

ia6“ 







117 





ToEAb. ........... 

: 343“ 





At, , ... 

i IS I® 


AtljrlH-AlHlSt PtlLlUt /I. 

ABilv« 3 lt«UT Faln-f 












%ij^. 



rfv***" 

87 . . ... 



121® 

151“ 

112* 

IIT^ 

I3I* 

I 3 I... . - ....1 


IDO 

119 

14 f 

tOT 

II7 

136 

I-d..-.__ 


IO« 

13 $ 

137 

96 

13a 

136 

1-^ .... ..1 


115 

111 

13 J 

107 

136 

13 ? 

39 ... 


103 

li^ 

123 

1 lOS 

120 

t 35 

n--- . 


105 

119 

136 

' 113 

12T 

137 

55 ... 


115 

TJS 

121 

zoa 

129 

129 

. - - .i. ^L -.. 

vsi* I 

^ 57 ^ 

911® 

741 ’ t 

1 S62® 

931“ 

Ay. ngbt. .......... 


107.3'^ j 


130.1® 

105® 

133 ® 

131® 

At. icit. .......... 


1 * 5.8 1 

131.S ! 

123.1 




Tot^............ 


1 S 53 . 9 ” 

3 S 3 .J!" 




Av. ............... 

105 . 5 ^ i 

> 136.9® 

136 . 6 * 




ColDyjr. 

ABKlrt 4 liatiE FoSatf*. 

A^f In alKHii Point 







1 . . 





iV^^P, 



1 

37 +. +.+.+.. 4 .,. 4 . 


101“ 1 

‘33* 

126“ 

77 “ 


134 “ 



sat 

130 

139 

fiS 

m 

139 

I-i^. 


pa 

14CI 

128 

90 

138 

131 

1-1? -- - - 


P 3 

135 

139 

PP 

ni 

nti 

3 ^....,... -- 


so 

141 

133 


131 

lAi 

»3 . -..- 


83 

I 3 « 

J 3 S 

9 B 

135 

127 

ss..........- 


8e 

136 

143 

91 

134 

1 133 

TotMs .. 

i 633 * 

934' ; 

« 3 »* 

636* : 

: 95 ^ 

9 *S* 

AVr tight - . . .1 


9 C 3 * 

136-=* ' 

133 -t* 

90 .S^ 

■ iidS** 

132^1* 

Av. Jefi . . . .. 



i 137^1 

136.8 




TOtak. . . 4 4 . 4 + ^ 4 . . 

I 

ai»a* 1 

369.9* 




Av... 4- ... 

1 pci" 

134.1+ 1 

im-T 
























































































and inheritance in pediastrum. 


40S 
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O^k^. 

■ 

ASigtdi aboDt e. 

— 



) 

. .H 

IJJ* 


II 3 ® 

IJI........ . ....... 

134 

170 

106 

I-i/. ............... 

131 

105 

134 

i^b. 


— 

_ 

a*................ 

133 

112 

195 

33 ■ ■ ■ + + '- + i' + ii + 'r.i 

139 

Ill 

120 

3 S...*> + , , 

137 

i&e 1 

IIS 

Touila, 


6 Sa* j 


Av, . ...i 

1 136* 1 

iOS* 1 

M 3 ” 


AHfbn abtyut j*, 


Ajai|t» iibtfirt 





jfrW!. 


4 Wi. 

1 

&?. .. 

139* 

109^ 

120* 

130* 

10^ 


131............... 

14*^ 

97 

117 

136 

lOS 

1 

1“^ - + ...++ + i ^, 

13 J 

113 

116 

I20 

120 

130 

l-fr. * , + 1 11 r , r X . r » . + 

— 



— ■ 


i ■“ 

33 .. 

143 

Itj 

104 

I-I6 

Ill 

103 

33. 

m 

I07 

116 

139 

107 

1 T 4 

ss. ...... —.... 

132 

I09 

119 

1 14s 

106 

109 

Totdia 

1 * 3 ( 1 " 

i 


1 SrS" 

6 S 7 ” 

637 * 

T m w m t ■■■■ ■■ ■ ws m m 

1 laa^ 

107* 

1 Its* 

1 ij*" 

li 109* 

I¥ 4 * 

C 4 leiBy. 

1 abtHrt 4*, 

AbsEci aliDHijf 









1 jW*. 


rfw. 

' iW. 


S 7 .. . . . 

tJ 5 * 

1 130 * 


ia<&" 

I 7 I® 

113* 

131.,., -- 

119 

113 

119 

136 

ITS 

113 

I-rf,.. .. 

— 

“ 

— 

120 

lU 

130 

I-^. .............. 


i—. 

— 

— 

,—, 

_ 

39 . ' .■.■.■‘■F + .# + " + .■*■ 

' 140 

TOO 

130 

130 

110 

130 

23 .«.»..++i++r+e* 

143 1 

103 

114 

123 


1 [B 

55 - 

^49 1 

93 


13a 1 

loS 

120 

Totals . ,, 


S 30 " 

s 64 “ j 

77 «* 1 

679® 

703* 

Average _ __ ; 

I 3 T" i 

106* ' 

no fS 

139 * 

113 “ 

117 “ 





137 

IOO 

llO 





13S 

107 

115 




£ 

13s 

109 

113 




** 

13* 

109 

lU 

* 


1 

Totals. _ 

675® 

$ 44 ^ 

57 S“ 




Av., F i T.. j 

i 35 * 

10^ 

* 15 ® 
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TABLE IV.— Continued. 



Aaialt# rIjchis 0^. 

ABIilfi nhaut 

CtA^pj- " 

AiV^. 

7*4^. 1 


1 

<r£/. rJi^^ 

aj- . 

111. . , ... 

130* ‘ 

105 

It 5 

102 

109 

130* 

IIT 

137 

tlO 

118 , 

1^9 1 

130'^ 

IJE 

134 

135 

139 

Z33 

130" 1 

10$ ' 

IlS 

llS 

1X0 

1D9 

X30* 

133 

130 

715 

X3Q 

13^ 

IJO" 

12S 

133 

137 

121 

135 

■ . ■ ■ ■ 

1—6. ..... 

39-*--' 

33. P.... 

ss ..... 

T4tal4 ^ - 


■37'’ 1 

T7I’ 

055“ 

714’ 

743* 

Av.r ..... 

loS.s* 

1 

I33.&^ 

133.5" 

Rfaht,,.....iiS5“i 
Lefi ,.ioS.s“i 

1 aO.6" 
isa.a* 

133 .&® . 

l?S.5" 

Totals.. - ...334^ ' 

943.4* 

253.3^ 

Av.. . + .*. ...1X3® 1 

tax.7' i 

136.1® 

CcbHiy. 

Anitcft ilMnit tf*. 

Aai;l«* ■.boat Su 

ArfV*. 




i-W- i 


c?.. ■-.. 

I3I. r . -.. .i 

lOS^ 1 
114 1 

eS i 

116 

130 

107 

133^ 

130 

133 1 

1 ITS 

113 

i I3« 

1 

ia6 105 

130 ^ lOO 

126 

136 

X30 i 

110 

130 

_ 0 

129 

taa 

1 130 

124 

137 

J— ...-•. 
i-b^ .^ 

^33.. .... 

I3& 

127 

I3S 

130 

116 

1x3 

^5^ . 


Totals -.. 

1 «3* 

1 734’ 

1 1*3’ 

560® 

1 613* 

*98’ 

Ar.-.P.P- 

110,^ 


137,1* 

1 

! Risht- , . 112’ 

' Ltfi-., . r«».5° 

1 iaa.4* 

133.3^ 

i 115.6* 
tiT.x* 

j ToWat,,,.*.932’ 

i 344"7'’ 

1 353.7® 

Iav . -*..111" 1 192* ' T"** 

Co^Pisr. 

AtIB 1« J| 1»4I (if''. 

Afiflei ■bdUl 

' 1 rW. 


AH/’. 

1 W*J^r ! 

bt _ 

11 i“ 

1 130*= 

1 133 

1J4 

_ 

«s* 

lao* 

137 

130 

.|_>34 ^ 

! 510“ 

103" 

103 

*7 

XI7 

100 

113 

1 ui" 
1^7 

IJX 

12& 

137 

134 

127* 

130 

14a 

1x5 

1 133 

134 

£3.1 

Jti 

J J ■ ■ ■ 

J-J* p... 
1-6....- 

33....p 

SS.'.'^ 

xt£ 

. 97 

Totali .. 

, 435" 


7^8* 

171’ 

At.. -. r. 

. lOS.T* 

123.71* 

197,5’ 

Rjgtie.....*...t03 
Left...., . I0* 

“ X3S® 

133 

lag* 

137 

. totals_ ... .311* 351® 

9S3* 

lAv* . *»S* **T* 
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TABLE IV.— Cettlinutd. 



Anf fei «bo4lt Jt. 

AfilrlEi-.alKnit 



rtJ-/.. 





87- 

' iiaP 


! iss" 


I3e^ 

131^ 


90 

las 

142 

los 

135 

130 





lOd 

131 

12^ 

J-Pr . 







39. . 

ira 

JJ7 

1^1 

loi 

173 

13* 

J3 ■■■■«■ 

■ 



— 



JS 

113 


Xaj 

104 

I2J 

133 

Totals . ^. 

424“ 




£541'^ 

6S9' 


106’ 

jaSrS* 


Hight.........100^ 

. 173* 






......... 10$ 

1 ■« 

133 





' Totala ...»,. H. atrij® 

ass” 

:' 35^" 






12*® 

129® 


1 AbeEa* h^Iwqe 

Aaglem 

HrUHHl J^- 

’ 1 

rWV*. 


1 

HJV*. 



105® 


1 

1 1M° 

131^ 

130 ^ 

I31 -- 

lU 

la^i 

lao 

lOS 

123 

137 

1 - 4 . ..... 




143 1 

126 

izO 

i-fe, ..... 



"— 

— 

- 1 


3?&- .. .. 

liX 

117 


104 

ti-j 

170 

S3 . .,,.. 

— 

—' !' 

_ “■ 

— - 


__. 

ss. . 

JX4 

130 

laA 

103 

139 

123 

Totals ... 

144‘ 



sas* 

641' 1 

*34* 

Av .. . 


1 * 3 “ i 


liight - 


12 *®^ 




! 

. + *..111 

J3J 1 

12 * 





TotiEa. . atfi^l 

751“ 

351® 





Aw -- .iDfi®; 

135* 

126® 


of selected individuals is made possible with the data given below 
in Table IV. The lettering of the angles, etc., as noted above, is 
given in Fig. 35 which is taken From my earlier paper ('r6. Fig. iV). 

The comparison of the values of the included angles made by 
the intersection of the cell walls in two such types as F. Boryanum 
and P. asperutH brings out very clearly the significance of the cell 
form as related to the symmetry of such groups. As noted in F. 
Boryanum the angles fluctuate widely, while in P. aspemm their 
variations are almost entirely within the limits of error in measuring 
them. 

I'SXtC. AMm. FatL. 50C.. VOL L^^i, BP, AVG. 20, J@I|, 
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The data giveiv in Table IW are based on measuTdfnents of seven 
colonies of P. Bmammi, all of which again have the common ar¬ 
rangement of their cells, that is, one cell in the center, five in the 
second series, and ten in the third series with the tong lobes of the 
cells of series 11 . and IIL directed radially outward. The lettering 
of the angles, etc., is given as noted in the t)^ diagram. These 
seven individuals are all relatively regular and symmetrical and the 
angles of intersection of their cell walls do not fluctuate so widely 
as h the case in colonies whose cells are more irregularly placed 
(Figs, 26-2S). It seems, however, impossible to include these more 
irregular colonies with the more symmetrical types in a comparison 
of the values of the included angles of their cells* since, as I have 
pointed out already, the t}"pical colonies tend to be bilaterally sym¬ 
metrical and a comparison of fluctuation in the included angles of 
their cells can only be of significance if made bettveen correspond- 
ingly placed angles (homologous angles of Rhumbler (*02)). In 
the irregularly arranged colonies it is quite impossible to compare 
angles as similarly placed with reference to tbe pressure relations 
in the colony. In the case of these irregular colonies I have brought 
together tbe values of the included angles of all their cells and classi¬ 
fied them according to their value in d^rees without reference to 
their specific positions in the colony. The data so obtained will be 
briefly discussed later. The seven colonics whose angles are here 
compared arc a selected group and the figure which is obtained 
by averaging their values we may call for convenience the diagram 
of the average of the common type. I have not drawn this figure 
as a larger number of measurements is needed to give such a draw¬ 
ing fundamental significance. The reentering angles of the cells 
and our lack of quantitative knowledge of the adhesion and viscosity 
of the protoplasm rnake it impossible to compute a theoretical type 
configuration of sixteen units in such a group which might be made 
a standard of comparison. The figure derived from averaging the 
corresponding elements in an exceptionally regular individual as 
given in my earlier paper vve may similarly rail the type diagram 
from a selected individual. The significance of the measurements 
of such a series of fairly regular colonies may be best discussed in 
connection with the measurements of the single colony selected for 
its symmetry. 
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In Table V. I have brought together the average values of each 
of the included angles of the cells arranged as right and left pairs 
and the averages of these pairs in comparison with the correspond¬ 
ing measurements of the selected colony JJo. 55 which I gave as noted 
in a former paper (’16, pp. 98, 99), 

The table, section l, gives in order the values of each of the five 
included angles of the ccntcral cell and of the included angles of 
the cells of series II. and III. in these seven colonies arranged in 
right and left pairs and averaged. In the right-hand column are 
the corresponding values for the selected colony. No, 55. For con¬ 
venience wo may call the unpaired angle of the central cell, tgi*, the 
basal angle. The right and left pair of angles ijh"* and the 
lateral angles, and the remaining pair which measure the two lobes 
of the cell igH* and i'V'^ the apical angles. In the celts of series 
II. (except cell 4 ) we shall have two basal, two lateral and two- 
apical angles and in cell 4 and in all the cells of series III. three- 
basal angles, for example, in cell 12 p'tf'r', and and ite 

cell 4 the corresponding three angles. 

In the central cell the unpaired at^le tg? on the axis of the Colony 
is the largest of the five in both cases. It is 115” for the average of 
the series and m* for the single colony. The apical pair of angles 
bounding the tips of the lobes 90“ and 90® are the smallest: 
of the five. Their values are nearly equal in the averages from the? 
series, as they should be for the bilateral symmetry of the colony. 
In the single colony, No. 55, they are markedly unequal, 8i* and 
93". though their average, ey", is only three degrees different from 
the average of the series 90*. 

The average values of the lateral angles ij’P 107* and tg^i^ 105* 
are intermediate between those of the basal and apical angles of the 
cell in the averages of the series as they also arc in the single colony 
In the latter J^in they differ by li® though their average, 
differs by only 2® from that of the series, io6“. On the whole, 
the differences between the typical shape of the central cel! as de¬ 
termined from the selected individual and as determined by the 
average of a selected series are within the range of errors in meas¬ 
urement by the methods used for angular dimensions in photographs 
of such objects. 
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TABLE V. 

Avesaee Valves of Each of lat Incluced Akques of the CeLia asb A™ 
A«s OF THE Right and Uft PAiitEO Anclhs js a Seeics of Seven i 6- 
ceuED CouoNiEs or P. Borjasum Compared with the CessEsKiHnisc 
Angles in the Selecteb Tyfe Diagsah. <'ie pie flS, <».) 

I. jHcludt'i Anffle-i of the Centfal Cell 





1 


Avdraic. 

Type dt|Lpmm> 

. 

.. . ,, ^ 

115" 1 

107“ 1 

! 

; . 

i * . . r . . + « + 

j las* 

1 #0® 

IIS» 

I0«' 

sw" 

in'^ 

1 37“ 


2- Bujai of ^6. 


+ + + + .■. r-i"-" 

.. 

-- - - 

i'i't*. 1 

ia6“ * 

13 3® 

: 

1 

133^ 

p ....... r * 

. 

,VA^4-.... 

■v**-.-.- 

117 “ 

131 “ 

l^a'S 

116“’1 
lafi*/ 

134 " 

^34“ 

134 . 5 * 

13*'^ 

134 " 

I3fi“ 

Totalai.. + 4 4 ■ ^ » 

647'^ 


1 639 ’ 

& 41 * 


A-F*- ^ V .. 

135 " 


iJT^ 1 laS^ i 


j. Lateral Annies cf Cdfi ^-6, 


-, 4.. .. ^-1 

J 5 :a^ks«.p...r.... ' 
AW-.4.....] 

1 

114 

109 1 

117 1 

113 

fcffl* .,,,444.4.4.! 
fcW.. .. 4 .. 4 i. 

JfcW . . 

k*i^' _ _ . 4 . 

ftVO*. ........ 4 

I 13 » 1 

107” i 
11 ^ 1 
tot® 1 

It 6 * 

tip *1 

LlO® j- 

iia“i 

tit^ 

114" 

lit® 

107 “ 

130“ 

TcrtaU^....- 1 1 

A.V. S 



5 iT’ 

lll^ 

3 JS* 

113 “ 

4 . Angies of Cetis 3-6* 

,,, , ^.p... + 

0^^ ... 

. .4,4.... 

itSS* 

1 I 3 .D 

14:1^3 .0 

IDO.a 

105.9 

_ _ .4- 

0 '^ 4 r#‘'^ 4 4 ...... - 

cAi!*^... 4 ...... 

0 * 4 '^. 44 .. . 

lOS.S^ 

tlO.5 

1 98,7 

id6.0 

ITl.O 

113 ® 1 

1 I\i.s \ 

TOS.S 

, 103 J 

irf 

[ 

lofi* 

lOfl* 

TotaJif... + ■ 

5315 ^ 


, S+^.^" 1 


AV. .. 1 . !,.... . 4 !-.. 

lOT^I^ 

J 

1 


^ Mid-baiai An^kt of CetU 7. 9 , ^3 ^ 3 - 

- . 

OW. 4 . 4 ....--- 

K.. 

\ I 3 C^ 

136 

129 

i 4. 

oVo*... 

‘ ’3*’ \ 

'. 13** 1 I3T i 

137® 1 m 

► 

' 1ST" 

133* 
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TABLE V.— 

6, Anfftes &f CfUi /-t 6 . 


pdf ,, 4 ^ 

. 

.’ 

..* - 

p*d*T* .. 

im'’ 

J32 

TaS 

lae 

P*dh*.. . 

. 

pW . 

. - J 

.. 

122 

133 

las 

133 

Totals - + 



615 ^ 

. 1 

1 35 ^ 


123® 

odf H 

US 



1 

_ 

.. , . , 

137 

cATr* ....... r. , j 

129 

. 

137 

oW» _ ! 


o^iyv. ......... 

12 B 

o'd*r* .. . 

I2tf 

. 

126 

ToUtU. i 

634* 


fijS* 

Av. J 

136*’ 

1 1 

07'' 


The basal angles of the cells of series II. i^gk, i^g*k*, 
etc.p also constitute five pairs of correspondingly placed angles right 
and left of the a^cis of the colony uin. The average values of each 
for the series of seven colonies are arranged io corresponding pairs 
in the table, section 2. In this series the average values of the right 
and left pairs are seen to be progressively smaller as we pass in the 
direction from pole n towards pole ot in the colony. The values 
range from l;2i^ in the first pair about the point g to 134* in the 
pairs about and g^\ The equivalence of the adjacent basal angles 
of cells 2-3, 126'’, and 3-4 p is to be expected as 3 characteristic 
of the type configunitioii though it is more or less accidental doubtless 
that it should appear on the basis of so few measurements. The pro¬ 
gressive increase in size of the basal angles of these cells is correlated 
with the reduction in value of the corresponding included angles of 
cell i proceeding from basal to lateral and apical angles. As shown 
in the table^ column 4, the values of the corresponding angles in the 
selected type diagram from colony 55 agree fairly wxll with these 
averages from the seven colonics. The first pair are smaller in the 
average from the series. The next three pairs are the same, and the 
last pair, the basal angles of cell 4, are smaller in the average type 
than in the selected type. 
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We have two sets of points of intersection between the walls of 
the cells of series II. and series III., due to the fact that there are 
ten celts in series III. to five cells in scries II. We may consider 
first the included angles of cells 2-6 about the five points of inter¬ 
section marked dc. The values of these angles fot the seven 
colonies and their averages arc given in Table IV* Point c is on 
the axis. The remaining four points, i^e*, are placed symmetrically 
right and left of the axis imt as is indicated by their position in the 
table. The average values of the lateral angles of cells 2, 3 p 4 * 5 < 
and 6 about these points e, c\ etc., are arranged in five corresponding 
right and left pairs in Table V., section 3 - _ 

There is no adequate evidence of any regularly progressive 
change in value in the averages of these five pairs as compared with 
the progressive change in value of the basal angles of these cells. 
This is doubtless owing to the increased distance of these angles 
from the five-sided central cell with its unequal included angles, due 
to its inherited form tendencies. There is a manifest tendency for 
the angles of intersection of the cell walls to become equal m har¬ 
mony with the general symmetry of a least-surface confipratton. 
The values of these angles from the averages of the series agr« 
fairly well with the values of the corresponding angles in the selected 
tj'pc figure. In the case of the lateral angles of cell 4, an arbitrary 
value, 120*, w'as assigned in the diagram. The actual average value 
of these angles in colony 55 was 112“, as shown in the table ( 16. 
p. g8), and this is only two degrees from the average value of these 

angles in the series of seven colonics. 

The values of the right and kfi pairs of the apical angles of 
cells 2 -^ arc given in *rable V„ section 4* There is considerable 
fluctuation in the values of these angles but the average of the 
scries, loS*, agrees closely with the value obtained for the same 
angles in the selected colony 55 - arbitrary 

value (100°) was given to the apical angles of cell 4 tn the type 
diagram and the average for the scries agrees \yith the measure¬ 
ments from the selected colony. 109*, and not with the arbitrarily 
assigned value. 

There is no clear evidence from the series that there is any pro- 
gressive change in value of these apical angles odp, of the 
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cells of series II. as we pass from pole « to pole m of tlie colony. 
The average values of these angles, comparing all seven colonies, 
have an extreme range of 9* from 103“ to 112“, with, as noted, an 
average of the averages lor all the colonies of 108®. In the single 
colony. No. 55, the range of variation was 17° from 97* to 114®. 
Colony No, 87 showed a range of variation of 30* from 90° to 120° 
in the values of the angles etc. 

The average values of the five mtd-basal angles of cells 7» 9* 

13 and 15 are given in Table V., section 3. We have here a case 
in which the average values of the angles in the series of seven 
colonies is the same as the value {133") arbitrarily assigned in the 
selected type diagram for the mtd-basal angles of cells it and 13, 
and differs by seven degrees from the average value as measured 
(140°) of these two angles in colony 35, from which the selected 
type diagram was derived. This is the reverse of the result as we 
have found it in the other two cases noted above and a fourth case 
noted below in which an arbitrar>' value was given to angles in the 
selected type diagram. In the three other eases the average value 
of the angles in colony 55 as measured is nearer to the average 
value of the corresponding angles in the series of seven colonies 
than to the arbitrarily assigned value. As 1 have already pointed 
out {‘(6), the angles about the point r* in colony 55 are obv-iously 
to the eye the most unsymmetrical and aberrant in the whole colony 
and the possibility of making consistent arbitrary corrections for 
these asymmetries and their correlated effects on the other angles 
in the region is not very great. The values of the unpaired angle 
oco® and the pair at e’ and e* agree closely with those obtained from 
the selected colony No, 55 and given in the selected type diagram. 
The values of these mid-basal angles of the peripheral cells are 
larger than those of the other angles of the groups about the points 
of intersection e, r', <?=, etc,, and this w'C may regard as a direct cor¬ 
relative of the fact that the tangential diameters of the cells of 
series II. and III. arc regularly greater than their radial diameters. 
If this tangential elongation of the cells were directly determined 
by the fact that there arc but five cells in series II. and ten cells in 
series III., instead of six and twelve, the normal numbers for a 
least-surface configuration in which all three angles tvould be iso" 
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each, we might be able to give a fixed value to this relation between 
the inequality of the diameters and the inequality of the angles 
about e and to get some notion of the viscosity of the protoplasm, 
the adhesicm of the cells to each other, etc. At noted, hnvever, it 
is obvious that the inequaiUy of the di&meter may exist in some 
degree at least »« approximately free cells, or is in fyxtres 

^ 33 ’ 

In the basal included angles of cells 7, 8, 9,10, etc., of series III., 
we have two series consisting of five pairs each placed symmet¬ 
rically right and left of the axis »tii of the colony, as in the case of 
the corresponding angles, about ge/, etc,, and ee‘, etc. The value 
of each of these angles for each of the seven colonics is given in 
Table IV. The averages arranged as two sets of corresponding 
right and left pairs are given in Tabic V., section 6. The agree¬ 
ment in the values of the averages of these sets is rather close, the 
range being from 123*, the smaUest, to 127", the largest. It seems 
probable that in the type configuration determined by surface ten¬ 
sion and the inherited shape of the cells these angles tend to be 
equal. The average for the different sets is: 







125 * 


127° 


123" 

123^ 

123“ 


ia 6 " 


130* 



I3i® 

ia3® 

TctnU* 

.... 001 *^ 

128° 

138 ° 

Av, .*p 


6 A 5 ° 

631’ 


127’ 

126° 


In the selected type diagram derived from the selected colony. 
No. 55, the average for these angles is 127°. The colony No. 53 
is, however, especially irregular in the region of cell four, and an 
arbiirarj' value, 131*, was assigned to the two angles a*d*r* and 
If the measured value for these two angles, 123®, is taken 
instead of the arbitrary value, the average of these angles for the 
single selected colony. No. 55, becomes 126®, only 1" different from 
that for the series. 

On the whole, the values for the included angles of the cells 
agree fairly well when derived by averaging the corresponding 
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pairs In a series of colonies of similar cell arraiigement witti those 
deris^edby averaging the values of the corresponding pairs of angles 
in a colony selected for Its obvious symrnefcry. 

I have emphasised the difficulty of measuring the angles in pho¬ 
tographs of such small objects with the lack of sharpness in the cell 
walls, especially at points of intersections, etc. Only approxima¬ 
tions can be achieved with the technique I have used- The fact 
that the colonies are not absolutely flat figures so that the plane of 
the photograph aits the colony at different levels and the further 
fact that the walls are not absolutely vertical to the plane of the 
colony present difficulties inherent in the nature of the materiaL 
The average values of the angles measured from the center of 
the colony which the corresponding cells in the series of seven colo¬ 
nies subtend are given in Table VI. The exact determination of 
the center of the colony is not easy in view of the irregularities of 
its boundaries. The point taken as the center in each colony vras 
midway between the point of intersection of the major axes of the 
colony and the point of intersection of the major axes of the central 
cell. The values obtained from averaging the series like those for 
the single selected colony No. 55 and those of the corresponding 
angles in P. ajperum (Table IL) are fairly close to 36*, the angle 
for a strictly surface tension configuratitm. There can be little 
doubt that these angles tend to be equal as would be expected were 
surface tension and adhesion alone operative. 

table VL 

Djuensions of Cells ifff a Seeles of Seven Colonies of P. Boryanum 
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How much sigutficanco can be attached to the degree of agree¬ 
ment obtained by the two methods used m obtaining the norms of 
all these fluctuating elements can only be determined by more ex¬ 
tensive statistical studies both of especially symmetrical single colo¬ 
nies and extensive series of colonies chosen only on the basis of 
their having a similar arrangement of their cells. The tendency to 
equality shown in the values of the corresponding angles both for 
the intersection of the walls and for the spaces occupied by the 
entire cells certainly suggests that the structure of the colony tends 
to be a least-surface configuration with all angles of intersection of 
the cell rvalls equal to lao* and all the cells subtending equal angles 
about the center of the colony, this tendency being in every case 
limited, however, by the inherited form of the cells and the acci¬ 
dents of environment. 

The results of my measnrements of the homologous angles in 
the colonies of Pcdiasirifm are in agreement with Rhumbler s (02) 
results obtained by measuring the homologous marginal angles 01 
various Foraminifera and coniinn still further the conception of 
the semi-liquid nature of plant and animal protoplasm. Rhumbler 
uses these results primarily as evidence on this point The fact 
that only homologous angles tend to be equal leads him at once, 
however, to emphasiac the heterogeneity in structure of the proto¬ 
plasm resulting in an anomogenous consistency and atiomogcnous 
tensions in different regions of the cell. The cell of Pediastntm 
with its inherited four-lobed form operating always with surface 
tension in detcmitning the value of any given t^ll angle is also a 
notably anotnogengns system, as compared with a simple fluid dro^ 
let. In the morphogenesis of the colony it is obvious that this 
anomogeneity is quite as important a factor as is the principle of 
surface tension. It is in the indisputable evidence from both 
Rhumbler's material and my own of the interplay of capillarity, 
protoplasmic anomogeneity, and especially of the principle of binary 
fission that we get a basis for interpreting the complexity of the 
form dements with which we are confronted even in such simple 
organisms as the Foraminifera and coenobic algse. The least-sur¬ 
face configuration comes to expression in PfrfiVwtriuw in so far as 
is consistent with the inherited cell form and consistency and with 
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cell numbers produced by bipartition. The endless variations in 
form found on comparing a series of colonies are the expression of 
the unstable equilibrium, arising especially from the siraiiltaneotis 
operation of the law of bipartition and the physical principle of 
least surfaces. 

In the series of colonies chosen I have included as noted only 
individuals with the common plan of i + S + since it is im¬ 
possible to compare the angles fairly in individuals with different 
geometric plans. This is obvious in the case of the superficially 



Fic. as. Ptdiaitfum Batyanum. Colony with cell rtuinber 6 so displaced 
that the side which should he adjacent to cell J is in cQittart with celt i, the 
side that should be in contact with cell l is in conuict with cell a, etc. The 
nsmaiuder of the cells are narmalty placed. X about fieso- 

rather r^ular colony numbered 67 (Fig. 25). In this colony all the 
cells are regularly and symmetrically placed except No. 6, in series 
II. This cell has swung around,until Its major axes, both radial 
and tangential, arc displaced about 45°. Its reentering angle nor¬ 
mally under the middle of cell 16 is now under cell 15, The en¬ 
tire cell has been, broadly speaking, rotated through one sixth of 

its cireumfereiice so that each of its sides has been displaced by 
one in its relations with the sides of the neighboring cells. The side 
normally adjacent to cell 5 ts now adjacent to cell i. The side 

normally adjacent to cell i is now adjacent to cell 3 and much 

reduced in length. The side normally adjacent to cell 2 is now 
adjacent to cell 7, etc. Cells 15 and 7 have slipped in toward the 
center of the colony so that its peripheral outline has been fattened 
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at these points . The central cell is more n^rly isodiametriCp etc. 
In such a colony it i$ plain that the included angles of cell 6* and 
those of all its immediate neighbors at least, are under quite dif¬ 
ferent pressure relations than they ^\^ouId be with the normal cell 
arrangement. Their fluctuations will be of a different order than if 
they were normally placed. The writhing, struggling motions of 
the final stage of swarming as described above could only have re¬ 
sulted in the normal relations of equilibrium in case they had been of 
siifhcient violence to bring the cell out of its present abnormal rela¬ 
tions into the normal so that the properly matched sides of it and its 
neighbors would he in contact. 

The cell has r^ched a condition of equilibrium in its pressure 
relaiions with the adjacent cells, but this equilibrium has not 
achieved anything like equivalence in value or position for the cor¬ 
responding sides and angles. The palpable asymmetr}' in this cell 
6 and its neighbors is most convincing proof tltal the form of the 
cell is not influenced merely by its pressure relations in the colony, 
hut also by its inherited tendency' to assume the characteristic four- 
lobed outline- The displacetnent of cell 6 is brought out very 
clearly by comparing the right and left pair of cells 3 and 5 with 
the right and left pair 2 and G. In spite of fluctuating variations 
cell 3 could be superimposed on cell 5 by merely rotating it on the 
axis of the colony through an angle of iSo^, Whereas to super¬ 
impose dell 2 on cell 6 there would be necessary a further rotation 
of No. 6 about its center and in the plane of the colony through 
about 45® so as to bring the corresponding sides and angles of the 
two cells together. 

Colony 67 illustrates asymmetry originating in the displacement 
of a single cell to the extent of bringing unmatched sides together* 
This we may call anomogeiious asymmetry as contrasted with the 
asymmetries involving merely fluctuation in the values of sides and 
angles without the passing of a critical point which alters the funda¬ 
mental arrangement of the cells by bringing about abnormal juxta¬ 
positions of sides and angles. 

All grades and degrees of this anomogenoiis displacement of 
cells can be found in nature. Tw^o genera! types of irregularity can 
be distinguished. The first is an irregubrity which does not pri- 
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marily affect outline of the coJotiy or the arrangement of the 
cells in concentric series about a center, the displacement being 
largely in the f>ositicin of the major axes of the individual cells. 
This is illustrated as noted in colony 67 (Fig. 25). The second 
results in an abnormal form for the colony as a whole and the loss 
of the concentric arrangement of the cells (Figs. 26 and 28)+ The 
two types are more or less combined, of course, in the majority 
of cases. 



Fic. Pcdi^istrum aspirum. Colony irregular, erescent-sbaped form. 
X about 425. 

Fig, 27. F. ospenttn. Colony fairly regular iu outline but mterior cells 
very irregularly placed X about 275. 

Fig, P. aspenim. Irregular coluny, somewliat triangular rn outline 
X ^bout 435^ 

The most extreme case of the first type which I have observed 
is seen in the thirty-twcMceUed colony (Fig. 27), Here almost all 
the interior cells are anomogenous in their position and interrela¬ 
tions with their neighbor cells, though there is the common general 
arrangement for a thirty-two-celled colony; one in the center, six 
cells m series 11 ,, ten cells tn series III., and fifteen cells in series 
TV. All the cells of the outer series are normally placed w^iih long 
spines outward and the general outline of the colony is circular, but 
the interior cells are in absolute confusion, as compared with the 
typical arrangement. Only three cells of series III, ha%^e their long 
lobes radially outward and their long axes tangential and these three 
are not in normal contact relations with the cells of series IL This 
colony emphasizes the existence of the stage described under the 
head of reproduction^ where it was noted that the cclb of the pe¬ 
ripheral series seem to gel their definitive positions first while the 






41S 


HAKPER-^RGANIMATION, REPRiODUCTION 


interior cells are still actively swanrtmg. The appearance here is as 
if the development of the colony had proceeded normally until the 
peripheral cells had gotten their places and then for some reason 
aciivity was checked before the intcrrcLitioiis of the cells in the 
interior had been %vorked out. It would be possible to express all 
this confusion in degrees of displacement of the major axis of each 
celh hut the situation b sufficiently dear from a comparison of this 
colony with that shown in Fig, 4 without giving it such a mathe¬ 
matical expression. I shall include data on this point in a later 
study from a wider comparative viewpoint involving the general 
effect of increasing numbers of cells on the organization of the 
colonies. 

An extreme of irregularity of the second type which is ex¬ 
pressed in the general contour of the colony is shownt noted 
aboveH in Fig, 26. Here the colony is crescentic in outline. The 
type arrangement of cells for a sixteen-ceUed colony has entirely 
disappeared and we can no longer recognize a central cell with two 
conccntoc series about it and yet the inherited form of the cells is 
quite perfectly developed in all cases. The modifications arc such 
as are obviously due to the special pressure relations under which 
each cell finds itself. It is possible^ of course, in many cases to 
identify all the angles of any particular cell and to combine them 
in homologous groups for the colony and a whole series of colonies, 
as I have done for the scries of more regular individuals. But in 
these irregular colonies the major axes of the colony are frequently 
quite unrecognizable and any particular included angle of a cell will 
be $0 obviously misplaced and wnth such unusual pressuro relations 
that the comparison of its values in different colonies becomes a 
very complex problem. 

I have brought together in Table VII. the values of all the in¬ 
cluded angles in a series of both regular and irregular sixteen-celled 
specimens of F. BoryGmimr The values arc given for groups dif¬ 
fering by three degrees. The data could, of course^ be represented 
graphically in a curve^ but the main point illustrated is brought out 
quite well from a glance at the figures. They form a series ctdini- 
naling in 120° and ranging sometvhat similarly above mid below 
this number. The total number of angles wdth greater value than 
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FAEOUESCIES of TffE A^QIES OF VALUES BETWTE5E THE EXTiEME 86^ ASD 1?^'’ 
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lao"* is 252. Tlie total Tiumber which have a value less than 120® 
is I&s^^ The number recorded for 120^ is perhaps unduly large. 
Since, I have noted, it is quite impossible to judge within one or 
two degrees with any certain^ there is perhaps a tendency to assign 
too frequently an angle of 120* rather than 119® or On the 

other hand, h is not impossible that the angle 120® being the point 
of equilibrium in the surface tension group, there may be some 
especial fixity in the configuration when it is once achieved, so that 
when it arises by chance as a result of the more protracted slow 
writhing movements of the final stage in forming the colony, it may 
be maintained in a certain number of points of intersection at the 
expense even of greater inequalities at other adjacent pnoints* When 
once attained exactly it may be more persistent than any other angu¬ 
lar value. But whether or not the number of angles with a value 
of 120° is correctly determined there is no question as to the general 
tendency in these angles to fluctuate about 120* as a center or modal 
point. On the other hand, it w-quJd be quite inadmissible in the light 
of the results obtained by comparing the corresponding angles of a 
series of colonies with similar arrangement (Table V.) or a single 
colony selected for its symmetry' (*i6, p. gS) to conclude that the 
type colony of P. B^ryanum should have all its included angles 
equal to 120®. With sufficiently large numbers of cases the sec¬ 
ondary modal points representing the special values of the included 
angles of the central celh etc,^ should emerge. 

The average values for the corresponding sides of the celb in 
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TABLE VIIL 

Length isf Mm. of the Cell BouNDAttics in a Series of Six 
Colon [Eis of P. Boryanum. 
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the series of seven colonies of P. Btfrynutim are given m Table 
VIII., and agree wdl with those obtained for the selected colony 
(’l6, p. gS). I have not included measurements of the basal walls 
of cells 8, lo, 12. 14 and 16, as their tendency to equality is suffi- 
ciently obvious. 

The corresponding radial walls between the cells ol series II. 
tend to be equal as do also the radial walk between the cells of 
series The indication froin the measureinents of the selected 

colony that the w^alk i and i® of the central cell should be regarded 
as typically a little longer than the walls and is not confirmed 
by the measurement of the series, though there is a difference of 
,2 mm. in the average. Measurements of the dimensions of the 
central ceU in a larger series of colonies tvould be of interest. Its 
inherited oblong and wo-lobed forra^ and the pentagonal outEnc In 
the colony formed by the bases of the five cells of series IL afford 
an interesting case of disharmony in morphogenetic factors. 

ISHlUtlTANCE OF CtLL ForM. 

I have pointed out that the four-lobed form of the ceils appears 
immediately in the young colonies and have referred to it through¬ 
out as inherited rather than as the direct and epigenetic expression 
of the pressure atid other interrelations of the cells In the growing 
colony. 1 have pointed out the adaptation of this fourdobed cell 
form to the exigencies of group formation, when the number of 
units is strictly limited by the principle of blpartitlon. The prin¬ 
ciple of least surfaces here requires that five cells instead of six are 
to be placed about one in the center and ten cells in the third series. 
This arrangement involves just such a tangential elongation of the 
individual cells as we find has actually occurred and favors the 
maximum of compactness in tire arrangement i + 5 + lo. 1 have 
suggested the possibility that the environmental complex may have 
led in successive generations to the development of this four-lobed 
form and its fixation as an hereditary character of the cells. Evi¬ 
dence that the typical form of the cells can be achieved independ- 
ently of their being in normal contact and pressure reactions in the 
colony is rather easy to obtain* Many colonies are found in nature 
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in which hy some accident certain cells are only attached at one 
point to the remainder of the group. 

In Fig. 29 we have an eight-celled colon3’' of P\ aspmim tn 
which one ceU^ is attached hy only one of its basal lobes and 
yet is quite symmetrically developed. The second base lobe is 
rounded rather than sharpb wedge-shaped and this difference 
may be taken as the measure of the influence of the epigenetic 
pressure and contact relations as compard with heredity in de¬ 
termining the form of the cell The asymmetric positions of the 
two central colls in this colony also have produced cfiaraclerLstic 
effects on their form and it is plain that the relatively free cell has 
much more nearly achieved its full development than have these 



Figs, ag a so 30- P. a irreguliTr flight-celled flobllies^ one cell 

iti each ea^e attached liy one lobe only, but quitfl typical in outline. X about 

cells with their asymmetric contact relations. In Fig. 30 w^c have 
a colony with only seven cells visifalCj one cell attached by only 
one basal lobe, another by a basal and a peripheral lobe, b- It is 
plain here that in neither case has the free basal lobe tended in any 
degree to assume the more tapering form of a peripheral tobe* nor 
have the long and short axes of the cells been reversed. In this 
colony the eighth cell may have been present in its early life and 
possibly may have been connected with some of the cells now partly 
free. The form of cell however, has certainly been achieved 
under the same contact conditions in which it appears in the figure. 
The rounded end of its free basal lobe as well as that of cell a 
show^s that the wedge form is an environmental effect. 

Figs. 31 and 32 (less highly magnified) also show- cells which 
have attained the normal form while attached by only one basal 
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lobe. These are probably thirty-two-celled colonies, though they 
are too irregular to permit accurate counting. The colony shown in 
Fig. 31 is quite young, while that shown in Fig. 32 is well on toward 
maturity. The cells attached by only one lobe haijc gone through 
their whole development in apparently normal fashion. 



Fics. 31 AKD 32. Pfdiastrum Young colony aliovFinif Ln 

Figs. 29 and 50 celU which arc n^thqut their normal contact and pressure 
r^latiuns in the colony a.nd have still tlcvcloiied the characteristic form for 
the Ji>ecies. Fig. 3 * X about 3 <»i ja X about 175. 

Fic. 33. F. ns^frrum. Like the last two fiKiires, but with a ccO attached 
in reversed position by one of its peripheral lobes and 5 tih showing the t>'plcal 
form. X about 225- 

Fic_ 34, F, asptrum. CoSoTiy w'ith one of its peripheral cells reversed 
but showing one typkal long spine directed toward llie center of the cDlony. 
Tise other is blunted by contact with an adjacent cell. X about 425, 

Most interosttng: is the case shown in Fig. 29* where we have a 
cell attached only by one of Its periplicnil lobes and to a peripheral 
lobe of a peripheral cell of the colony* Hera the b^sal lobes are 
both peripherally placed and yet have retained their blunter form. 
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The peripheral lobes are basally placed and one of them functiorts 
for attachnient and yet they retain their more tapering form. 

It is over aad over iUust rated in abnormal colonies that the 
polarity shown in the difference between the basal and peripheral 
lobes is a matter of cell organization and not of colony organization. 
A very characteristic case is shown in Fig, 34. Here in an other- 
tvise quite regular colony one of the ten peripheral cells has been 
reversed in position ajid thrust partly back into the second series. 
The one free peripheral lobe is quite normally developed though 
pointing toward the central cell of the colony. The diagonally oppo¬ 
site basal lobe which is free to grow' radially outward ha$ shown no 
tendency to do so. The second true peripheral lobe has had its 
natural growth tendencies quite inhibited by the limitations of space 
in which it finds itself. The tendency to functional hypertrophy if 
operative here is not equal to the production of a normal peripheral 
lobe under such conditions. The whole grouping in such a case 
gives a very' dear picture of the exact part played by heredity and 
environment respectively in morphogenetic processes. 

Such examples as are shown In Figs. 25--30 can be multiplied 
almost without limit and it is clear that however much the contact 
and pressure relations in the group may have influenced the evolu¬ 
tionary processes by which such oval cells as those of Gormim be¬ 
come the four-lobcd oblong cells of Pt^ditistrum, at present these 
cells are able to attain their characteristic forms, diagnostic for the 
species, when almost entirely free from their normal environmental 
relations with the other cells of the colony, 

Nitardy figures several marked cases ('14, Taf. VI.* p. 2} in 
which the single spinous outgrowlh and general triangular form of 
the cells of F. simplc^r arc shown to be an hereditary growth-habit 
of the cells rather than a response to their pressure relations of 
orientation in the colony. In the figure referred to a peripheral 
cell IS shown with its poles reversed and the spine projecting toward 
the center of the colony and an intercellular space quite as in my 
Fig. 30 described above. 

It would be natural, perhaps, to expect that the four-lobed form 
should be strictly epigenetic and achieved anew by each generation 
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under the influence of the stresses and pressures developed in the 
growing colony. We have noted^ hOAvever, that the cell form char¬ 
acteristic for the species is visible at once as the svrarmspores cease 
moving and is only sharpened and made more definite with the 
further growth of the cells. On the other hand, it is equally obvfom 

m 


Fig. 35, Type diagram frotii a selected individual, miony No. IS' 
produced from Fig ifr. 


Rc^ 


that abnormalities of form—shortening, elongation, change of direc¬ 
tion of the lobes, etc.—as well as the regular blunting of the 
peripheral lobes of interiorly placed cells are all direct environ¬ 
mental epigenetic results dependent on the interrelations of con¬ 
tact and pressure between the cells in the forming and growing 
stages of the colony. 
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' ‘ Gen'erau Discussion, 

Cfll FonUr —There are plainly two sets of {orm-detcnninmf in¬ 
fluences operating on tlie cells of Pediastrttm. First, the cell 
heredity' w'hich, given free play, as in the case of cells largely out of 
contact with other cells of the colony, develops what we ntay call 
the typical cell form. And, second, the environmental pressure and 
contact relations which exist between the celts as ordinarily placed in 
the colony. This may result in the extreme difference which vre 
find between the internal and peripheral cells of F. Boryanattt or 
the very slight differences which we find between these same cells 
in F. ctathratum (Fig, 3). 'Hie familiar antithesis between heredity 
and environment in the determination of adult form and structure 
is fully in evidence in Pcdiastnim. but under such rebtively simple 
conditions as to permit of an attempt at analysis. It is obvious 
here, as has been held in general by students of heredity, that 
inheritance through cell division may perpetuate the type form and 
structure, while many at least of the fluctuating variations in the 
type are directly traceable to environmental conditions of interac¬ 
tion between the cells and favorable or unfavorable outside condi¬ 
tions at the time the colony is formed and during its growth. 

The evidence is clear, as I have shown from the cases of acci¬ 
dentally misplaced cells, that all the various cell forms found in the 
genus are transmitted from one colony to the next by inheritance 
in some fashion or other. I shall discuss the method of transmis¬ 
sion below. The cell form also obviously determines the character 
of the colony as a whole. The form and character of the colony 
as a whole may be said also in turn to influence the form of the cells, 
but the modifications so produced are of the nature of environmental 
limitations on the complete development of the celb, as, for example, 
the shortening of the lobes on the interior cells as compared with the 
marginal cells of the colony. The position of the cell in the colony 
influences its form only in minor, though perfectly obvious and 
definite degrees, but the structural and organic characters of the 
colonics which are the basis for their ebssification into subgencra 
and species are the direct expression of the inherited characters of 

the celts. 
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The prevailing oblongp four-lobed form of the Pcdiastru}ft cell 
is probably adaptive for ibe general metabolism of the cells and is 
also the form which permits the closest possible approximation to a 
least-surface configuration in a colony composed of units arising by 
binary fission. It is the form of cell which would be expected to 
arise under tJie pressure relations existing in such plates of cells 
held together by adhesion and yet as noted it can and does arise in 
cells almost entirely free from such contact and pressure relations. 
We have here evidence that a cell form which may well have arisen 
first simply as a response to environmental stimuli has become fixed 
in heredity until now the scries of growth processes by which it 
develops can go on quite independently of the stimulative conditfons 
which originally called them forth. In Pediastrum do not have 
the extreme differentiation of germ plasm and soma which under 
the conditions in the higher metaphytes makes such direct interrela¬ 
tions of environment and heredity so difficult to conceive. 

It is sufficiently obvious that the oblong four-lobed form is 
directly transmitted through vegetative reproduction by cell division 
and there is no reason to question that the same is true in sexual 
reproduction by the fusion of gametes. In asexual reproduction 
the mother cell divides by successive bipartiUons to produce a swarm 
of ciliated swarmspores which at first show' no trace of their 
adult form- I have noted, however, how- promptly, almost ins tan- 
taneouslv, the four-lobed form appears as the sw'armers come to rest 
in the contact and pressure relations of the colony and w'ith the very 
first grow'th expansion, so that almost as soon as it is formed the 
young colony has all the essential structural characteristics of the 
adult 

We may consider briefly at this point the difficult questioii as to 
the method of representation and transmission in heredity of the 
characters of differentiated tissue cells and the characters of tissues, 
organs and entire organisms considered as vn-hoks. 

Inhmiance of Celt Fotnv ^—The inheritance of cell form cannot 
be said to be direct in the sense that the inheritance of green color 
niay be direct. The dirision of a green cell givf^s at once two green 
celts- Greenness is inherited as such by division of the chloroplast 
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and h a mctidentical character in I>elto^s sense. The color as snch 
may be thought of, at leasts as present throughout the whole process 
of producing the daughter cells from the mother cell. The cylin¬ 
drical form of a cell of Spirogyra may also be inherited directly as 
such in this same fashion by the division of a cylindrical mother cell 
into two shorter cjlindricai daughter cells* 

In the case of the cell of Perfiaj^niMi the lobed or spinous form 
disappears in the successive biparlitions of the mother cell and we 
have an oval ciliated swarmspore essentially similar in form to 
those of other more or less distantly related green algae* Repro¬ 
duction by cell division here has involved the return to what is 
generally assumed to be a more primitive ti’pe of cell both as to its 
form and its motility* The adult form typical of the species ouly 
reappears as a result of ontogenetic development by which the 
primiiive cell form becomes differcnliated into the more specialized 
adult* In all filamentous and ctenobic algs which reproduce by 
swarmsporcs we have this advance beyond the conditions in Spira- 
gyra, and related t>'pes in which the germ cell differs only in size 
from the adult. The reproductive cycle in Pediastrum, for example, 
parallels that of the higher plants in its essential stages. A mother 
cell forms undifferentiated germ cells which become specialized dur¬ 
ing ontogeny in their form and structure and by their combination 
produce the many-cellcd colony which sbowa also a more or less 
highly specialized and adaptive organization. In the higher meta- 
phytes it is not so directly obvious as in Ftdiastrum that the form 
characteristics pf the many-cclled plant body are the direct expres¬ 
sion of the form, polarities, adhesiveness^ and other characteristics 
of the indi\ddual cells. The inheritance of cell form and of the 
form of the colony are indiTcct as compared with cell color. To be 
sure, in the latter ca^ swarmspores may be relatively or entirely 
free from the green Color which then reappears in ontogeny but the 
transfer of the capacity to form green pigment is assumed to involve 
the division of ptastids which thus carry on the pigment-forming 
bases, chromogens, just as the nucleus, chromosomes^ etc., arc per¬ 
petuated directly by divisbn. In the vegetative reproduction of 
these simple algse we do not need to $ay that the capacity to form 
chlorophyll Is represented by an heredttarj'^ factor in the germ plasm, 
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for we have the visible Organ Or plastid of the c>'topla5m to provide 
for such transfer. The evidence as to the behavior of the piastids 
in zygospore forniation in Spirogyra indicates that the sanie is true 
in sexual reproduction by cell fu&ion. In the case of the lobed cell 
form* however* every visible trace of the adult character as such 
seems to be lacking in the germ ccU^ and it seems natural to postu¬ 
late a gene or factor which without being the character itself may 
as a granule or in some other form represent the adidt fortn when it 
his disappeared. As a luatter of fact, however, we have no plastid 
for form determination and to assume a granule like a plasdd Lu the 
chromosome which transmits the deterininers of the adult cell form 
meets with obvious difficulties in this case. The sudden appearance 
of the lobed, spinous cell form in reproduction as I have described 
it does not suggest ihe w^orking out of influences enranating from ele¬ 
ments in the chromosomal organization of fhe nucleus, but rather 
the direct expression of the organization of the cell as a whole when 
it begins to grow. This orgaiuxation shows the most direct rela¬ 
tions of adaptation to and interdependence with the pressures and 
contacts established in such a group of cells and niay well have been 
achieved as a response to such environmental surroundings, but it is 
quite independent of them and comes to full expression, as noted, in 
cells which are for accidental reasons quite free from the other 
members of the colony. It seems to me to be most obviously the 
expression of the anomogenous organization of the protoplasmic 
mass involving localized growing points on its surface, specific polar 
differentiations, etc. This general organization of the cell may wtH 
be transmitted indirectly through cell division involving as such 
transmission would only a sort of regeneration by each dai^hter 
cell of the general symmetry: relations between the p^rts of the 
mother celL 

W e do not need, then, as it seems to me, to imagine any spatially 
differentiated organization of a special germ pbsm to account for 
the inheritance of cell form in Ptdmsirum. It would be possible, 
but probably premature, to attempt to express in diagrammatic fonrl 
for Pediastram the organization of the cell as a whole w hkh h im¬ 
plied in its behavior in forming the colonies. Much further cyto- 
logical work such as has been done by Smith on nudear and cell di- 
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Tision, the ccntrosomc. bkpbaroplast, plastids, pyrenoids, etc., of 
Tetradesmus (’13), ('m). aarafi»»J* (’16) - 

astmia (’16), etc., is needed before we shall be able to correlate 
the evidence for cell polarities, adhesions, growing points, surface 
tension, etc., with the data from the chemical study of colloids. But 
it is obvious that it is only on the basis of such studies that we can 
hope to lay the foundations for a proper theory of the hereditary 
transmission of characters and the morphogenetic pro«sses by which 
a mother cell is transformed into a mass of free^swimming swarm- 
spores and these in turn into the adult colony of Pediasirum. 

7 ij/ien'tonce of the niofffcfrfr of the Colony .—The characters of 
the colony as a whole, however, may seem to involve a much more 
indirect and hence perhaps properly a factorial representation in the 
germ cell, but such a conclusion seems to me quite unwarranted. 

I have elsewhere in a number of cases emphasized the incommensu¬ 
rability of tbe organization of the cell and that of the niany-cellc 
body. Dricsch (’05) has shown the impossibility of a preformation 
which demands even the simplest possible three-dimensional repre¬ 
sentation of the organization of the adult in the organization of the 
germ plasm. 

The characters of the colony as a whole arc dependent, as noted, 
directly on the form, polarities, adhesiveness, surface tension, etc., 
0! the individual cells. These are characters of the cells as wholes, 
as protoplasmie t^gregates, and there is no reason for conceiving 
them as especially represented in localized regions of the chromo¬ 
somes, at least in the case of these simple plants. 

We cannot compare cell characters of form w'ith colonj char 
acters of form except in the case of some of the simplest surfac^ 
tension relations. The colony is an aggregate of tells whose organU 
zation is an expression of their cellular interactions in ontogeny. 
The form characters of the colony may be transmitted down to the 
details of cell arrangement, shape of intercellular spaces, etc., ut 
these details cannot be conceived as in any ^vay directly represente 
in a germ plasm. 

The complexity of the adult colony is the expression of the nit- 
ferentiation made possible by the interaction of individual cells and 
their specialization along different lines. An example is found m 
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the difference between the ma^in^ and interior celts of P. Bory- 
OHM Ml. The cells all have the same inherited ^owth tendencies, the 
differences between them arc due to their respective positions in the 
colony. Such differences are the expression merely of a certain 
degree of susceptibility to contact and pressure stimuli which, for 
example, we can think of as greater in P, Boryamm than in P. as- 
^crwiw. It is certainly more natural to think of such degrees of 
sensitiveness as characters dependent on the growth reactions of 
cells as wholes rather than on the presence or absence of a particu¬ 
lar chromosomal granule or region. 

The organization of the leaf of Etod^a with its spinous mar¬ 
ginal projections affords an interesting parallel in the higher plants. 
It would be difficult for anyone to conceive that any cell of tlie leaf 
might not form a typical spinous projHSction if it were properly 
placed on the margin instead of in the interior of the leaf. 

\Vc can distinguish then in such cases as those of FedtasIrUiH 
three grades or degrees of directness with which the hereditary 
of characters is accomplished. First, direct transmis¬ 
sion by division, associated with the division of the germ cell, of 
the particular structural element whose possession constitutes the 
character, as for example the transmission of green color by chloro- 
plasts. Such a character is metidentical, that is, it is the same thing 
in the germ cell as in the many-celled organism as a whole. Second, 
the more indirect transmission of the characters of the differentiated 
adult ceils, which are not visibly present as such in the germ cell. 
Examples are the lobed form of the adult cells of Pedhstrum, In 
this case the conceptions here involved can be easily extended to the 
higher plants. The stellate pith cells of the bulrush and the elon¬ 
gated thick-walled cells of wood and bast can be thought of as in 
the same cat^ory as to heredity’ and ontogeny as the lobed cells of 
Pfdiastritm. Such characters express what we recognize as the or¬ 
ganization of the cell as a whole including cytoplasm and nucleus, 
and are hardly to be conceived as represented in any particular part 
or organ of the cell. Third, the entirely indirect transmission of 
the characters of the many-ceUed organism as a whole, in Pedi- 
astrum, such characters as the plate-shaped form of the colony, the 
presence or absence of perforations, the arrangement of the cells. 
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and the degree of difference between the Interior and peripheral 
cel!5. It Is obvious in JPeifiojtrwJW that such characters are deter¬ 
mined directly by the characters of the cells, but it is equally dear 
that except in their simplest features they are incommensurable 
with those of the individual cells and cannot be represented directly 
as such in the germ cell. It is the form, adhesiveness, polarities, 
etc., of the cells that determine the character of the colony and 
these characteristics of the cells as noted can best be conceived as 
characters of the cells as wholes rather than as determined hy par¬ 
ticular unit parts of cell organs or even by entire cell organs. The 
general growth tendencies of the cell are characters of the cell not 
of the colony as a whole and can come to expression regardless of 
whether the colony is formed or not, 

Eifidence of Polarity m ffie Cri/jr,—Furthermore it Is otfvious as 
shown above that each cell has a specific orientation in the typical 
colony, and yet there is no mosaic heredity. Any one cell can re¬ 
place any other cell in the colony and the shape of the cell is in many 
species in no notable degree a function of its position or interrela¬ 
tions with the other cells. Each cell in the typical arrangement has 
its major axis in a definite relation to the major axis of the colony. 
The long pair of lobes or spines point in general radially outw'ard 
from the center. This, as I have shoivn, is not at all because, as 
one might suspect at first glance, the cell tends to grow its longer 
spines on whichever side happens to be turned outward. ITie ir¬ 
regular colonics demonstrate this over and over (Figs 26-28), If 
in the swarming period the cell docs not achieve its normal position 
with its short axis placed radially and the spine-bearing side out¬ 
ward the maladjustment is never overcome. I’he long spines push 
out from the side predestined to produce them and develop as fully 
as they can under the pressure relations in which they are placed. 
There is surprisingly little evidence of adaptability in the celts in 
this regard. Apparently the cell axes are already fixed unalterably 
in the swarmspore stage and are quite independent of any contact 
relations then or later established. The presence of a polar differen¬ 
tiation of the axes of the cells in addition to the oj^ration of the 
principles of binary fission, surface tension, adhesion, functional 
hypertrophy, etc,, is certainly essential in the morphogenetic proc- 
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by which the ptatc^shaped colony of one cell layer in thick¬ 
ness and with the longer spines of the cell directed radially out¬ 
ward is formed. 

We are confronted here as in practically all higher plant cells 
with polar differentiation in the cells themselves. The question as 
to whether this polarity is developed, as is true in so many cases, 
under the influence of light or gravitation acting during develop¬ 
ment would seem to be answered in the negative for Pcdtiij/ruJK, 
So far as my observations go, the young colonies are formed in the 
mother cells at all angles to the direction of the light falling on them 
and in their orientation to gravitational stimuli. In those cases of 
rather weak swarming which I have described as forming the ob¬ 
long instead of circular colonics the shape of the mother cell un¬ 
doubtedly exerts an influence on the form of the colony. But there 
is no evidence that the flattened form of the mother cell'prevents 
the sw'armspores from making a group of two layers in thickness 
or an oval mass. The observation of the swarming masses as I 
have described them suggests most forcibly that, as noted above, 
the cells actively seek out a position in which they are in equal pres¬ 
sure and contact relations with the adjacent cells right and left of 
them and with the side tvbich is to develop the large spines or spine 
radially outward and not vertically upward or downward, involving 
again in the case of the interior cclb contacts w'ith a cell or cells 
on their basal and peripheral surfaces. No other hypothesis than 
that of at least a biaxial polarity in the internal organization of the 
swarmspores seems adequate to account for this definite orientation 
of the cells in the colony. The existence of the cell axis radial to 
the colony as a whole is of course most conspicuous owing to the 
difference in development of the peripheral and basal lobes, but the 
assumption of a polar differentiation hi the tangential axis is equally 
necessary. The existence of physical polarities or polar differenria- 
tions in such complex organisms as the swarmspores with their 
nuclei, plastids, cilia, etc., is, of course, to be expected. A purely 
physical factor w‘hich may have had phylogenetic significance in the 
development and fixation of radial polarity is present in the differ¬ 
ing lateral pressures to w'htch the basal and peripheral regions of the 
cells in such a plate-shaped group are subjected. Such differences 
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in pressure would nattirally give a slightly wedge-shaped form to 
the cells. That this factor is not uecessary for the development of 
the wedge shape of the cell in the formation of the colony now is 
shown, as I have indicated above, by the fact that the cells will de¬ 
velop their characteristic forms when practically free from contact 
or pressure relations. The basal and peripheral axial differentia¬ 
tion seems to appear spontaneously uow as an expression of the in¬ 
ternal organization of the cell whatever may have been its origin, 
but a slight progressive difference in density from the basal to the 
peripheral region of the cell may still be one physical condition for 
such a polarity. 

The plate-shaped form of the colony as a whole with one layer 
of ccHs plainly depends for its achievement on the transverse or 
right and left contact relations between of the cells+ The cells are 
so constituted that they achieve contacts with as nearly as possible 
equal pressures on their right and left sides and^ further more, $o 
placed that the one or two lobes or spines He in the plane of these 
contacts and hence in the plaue of the colony as a whole. Such re¬ 
lations can be represented as transverse polarity by the plus and 
minus or positive and negative analogy, as I have indicated in the 
colony shown in figure 5. This schematism breaks down in the case 
of the central celt and for the radial relations of the cells. It is of 
course only a purely formal representation of the right- and left- 
si dedness in the cells. There is no visible evidence in the cell itself 
for the assumption of any structural right and left differentiation. 
I have found no proof that any particular cell would not find its 
polarities eciually met when rotated through r8o° on its radial axis. 
The only conspicuous evidence of the location of a transverse or 
tangential axis is in the fact that the spines regularly He in the 
plane of the colony. 

The assumption of an axis of polarity vertical to the plane of the 
colony would seem to meet the requirements of the case equally w'clL 
The poles would be such in this case as to prevent the cell coming 
to rest when they were in contact wdth other cells. However these 
polar differentiations are conceived it is obvious that some such con¬ 
ditions are necessary for the achievement by frce-swHmming swarm- 
spores of a plate-shaped colony of a single layer of cells. That 
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such morphogenetic factors are organic characteristics of the in¬ 
dividual cell rather than the expression of any mysterions form, de¬ 
termining principle residing in the organism as a whole is suf¬ 
ficiently clear, as it seems to me, from the fact that the cell can de¬ 
velop its specific form In entire independence of Its interrelations 
with the other cells of the colony* If. as I think is necessary, one 
must assume that the cells are characterized by these definite polar 
differentiations, it becomes still more obvious that the swarming 
period in its later stages at least when the cells writhe and glide and 
turn upon each other is not one of aimless movement hither and 
thither with a final chance distribution of the cells but a definitely 
directed effort to achieve for each cell a specific relation to its fel¬ 
lows. If the sft^rmers already had the four-lobed biaxial form we 
could regard this as a mere matter of physical adjustment analogous 
to the putting together of the parts of a Chinese puzzle, but as I have 
pointed out and as earlier students have observed, the cells get their 
position in the colony as mere oval or ^-shaped jelly droplets. 
The four-lobed biaxial form appears instantly with the beginning 
of growth but not before growth begins nor before the cells have 
their fixed position in the group. It would be highly interesting to 
know how the cilium-bearing tip, the so-called mouthpiece, of the 
swarmspore is placed at the moment when the cells come to rest, 
but I have been unable to determine this point. 

It seems to me evident, then, from the shape of the cells and 
their orientation in the normal colony that they must be regarded 
as at least biaxial in their relations to each other, the polar differen¬ 
tiations eorre-sponding with ihetr major axes. They arc not in equi¬ 
librium in their interrelations till the opposite right and left and basal 
and peripheral poles of their axes are In a general way juxtaposed. 
In the sixtcen-cclled colony of P. asp^rum and P. Borvanmn this 
would hold for all the cells except the centra) cell, whose polar re¬ 
lations with the surrounding cells are not easy to analyze. It is 
perhaps for this reason that the center of the colony is left vacant 
m the sixteen-celled colonics of P. and the ring-shaped 

eight-celled colonies of P. simphjtr. The tendenev to irregularity in 
the arrangement of the interior cells of the sixteeti-cellcd colonies 
of P, Simplex may also be related to this same difficulty in the polar 
relations of a central cell in such a group. 
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Relations of Heredity and Enviromnent to Marphogmesis .—The 
organizatiGn of the colony is determined fey the number of the cells 
resulting always from bipartition, thetr viscosity, surface tension, 
mutual attraction and adhesion^ their inherited form, whether with 
one or more spines, and their mutually differentiated polarities by 
virtue of which they can achieve a definitely oriented relation to 
each other and thus to the group as a whole. We have here au 
exhibition of cell qualities inRuenctng morphogenetic processes in 
such a fashion as to produce a very definite and probably adaptive 
stmeturaJ result without any adequate evidence that the characters 
of the colony as a whole are directly represented in any way in the 
celts. The form of the colony is achieved in ootogeny as a result 
of the interactions of the cells. 

The characters of the cells are of two classes. First, metiden- 
tical as illustrated in the green color, which is transmitted directly 
by the division of the plastids in which the pigment is borne and, 
second, characters depending on the organization of the cell as a 
whole, such as its form, due to its anomogenous consistency from 
the standpoint of surface tension^ its polarities^ viscosity, adhesive¬ 
ness, etc. These cell characters are transmitted in heredity and can 
be achieved independently of the position of the cell in the colony or 
any interrelations with other cells. The internal environment of the 
cell in the colony may modify its form more or less according to the 
species but is not necessary' for its typical development. The close 
approximation to their normal shape achieved by cells in such ir¬ 
regular colonics as those shown in figures 26, 27, and 2S and in the 
malformed young colonies (Figs. 21-24} striking evidence of the 
fixity of the form characters of the Cells as contrasted with the form 
characters of the colony a$ a whole. The two types of characters 
are in different categories. 

The influence of the external environment on the form char¬ 
acters of the colony as a whole is most strikingly showTt in the dif¬ 
ferences between colonies in which the svi'arming has been long con¬ 
tinued and vigorous and those in which it has been reduced or has 
disappeared entirely. There can be no question that in general the 
colonies of Pediastrum are tjpical in form in direct proportion to 
the vigor displayed by the swarmspores at the time the colony is or- 
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The direct effect of the mother cell vesicle in flattening 
one or both edges of the plate (Figs, 18-24) in case of slightly 
weakened colonies is typical of the effect of an unfavorable en¬ 
vironment in limiting or inhibiting normal development. 

The relative perfection of arrangement of the peripheral and in¬ 
terior cells is also most suggestive of the indirect effects environ¬ 
mental conditions may produce. Statistical studies of the degree 
of approximation of different colonies to the t)'pical expressed in 
terms of divergence of cell axes from the axes of the colony as a 
whole^ degrees of distonion of cell forni^ variation of the angles 
of intersection of cell avails from 120®^ etc., may Le expected to 
afford a reliable index of the effect of environment on the metab- 
holism and growth of the cells. 
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DESCRIPTION OF PLATES 

The pholomicrographs were made for the most part with ihe Zeiss apo- 

chromatic objective 8 miru and the compens, -oculaTS, Nos. 8 and 12. They arc 

all of Fidmsirum asptntm^ 


Plate V. 

Fig. 8 l Fairly mature, slxteen-ecHed colony about ready to form swarm- 
spores. X about 533, 

Fig. 9, A few cells of a still more mature colony more highly magnthed, 
showing the marked reduction in the size of the inlercellular spaces^ 
X about ],T5> 

Fig. 10. Ceils a and 6, showing two ecU stages, the first cleavage In the 
short axis, of the mother cell Celia c, d show at least the beginnings of the 
four cel! stages, the second cleavage plane being in the long axij of the 
mother cell. In cell r the planes are more irregular. X about 1,125. 

Fig. tt. Eight-cell stage, perhaps later, the planes of cleavage s-till show¬ 
ing a marked tendency to intersect at right angles^ X about 

Fics. 12 Asu 13. Cleavage complete and the daughter celts more or less 
rounded up. The whole mass conforms to the oailines of the four-lobcd 
mother cell and there is little evidence of the rectangular iniersection of the 
cleavage planes. Fig. 12 X about 700: Fig. 13 X about 1,125. 

FiC. 14- Less highly magnified view of a thirty-tw-o-ceSlfld colony In all 
of whose Cells cleavage is complete. X about 5^ 

Fig. 15. Two young thirty-two-celled daughter cokmies and two cells 
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of t>ic same THOlher calony just rcidy ta swarm. Empty cells ^f the same 
itiQthcr colony are also shown. The cells of the two daughter colonics already 
four-Iobed and looking almp^t as if they were dividing in their short axes. 
X about tjoS^ 

Fjc. 16. The same group a few minutes later less highly magntfied and 
ihowing seven daughter colonies and part o t an eighth alt more or less out of 
focus. The swarmspores have just e^pcd from the nght-lund mother celt 
of the two show'Ti In Fig. 15 and appear as a rounded cloud partly beneath 
the left-hand mother celt Tliey arc ^worming vigorously and are also a 
little out of focus. X about 500. 

Fig. 17. The same group a few minutes later than ihe stage shown in 
Fig. i€l The swarmsporcs have come to rest in the newly formed colony and 
tfie rounded ontJine uf the colony and its concerttric series of cells Can be 
made out though it is somewhat out ol focus in this figure also, X about 50D, 

VI. 

FiCS 18, ip A^■n 20- Young daughter‘tolonies still enclosed in the vesicles 
in which they escape from the mother celt The v^esteles are very transparent 
and hard to bring out In the phoLogtaphs. In Figs. and so 1 have traced 
their outlines over with dilute India mkt in Fig. 19 they are left as they ap¬ 
peared In the print and while they arc very faint th^ can be s«n and It is 
dear that in shape they still maintain the outlines of the mother cell even to 
the slight projections represcntiTig the Larger pair of spines. The walls of 
the mother cells, also shown, enable us to compare the size of mother cell, 
Vesicle and young colony. The tendency of the youug colony to conform 
more or less to the ohlong shape of the vesicle 15 obvious, hut the edge view 
of a colony in Fig. shows that in these cases at least this tendency has not 
prevented the formation of the plale of a single layer of celts though the 
space rElations In the vesicle, would favor the formatiou of two or three 
layered groups such as are shown in Fig. 23. X ^hout 1,050. 

Fra 21. Two young daughter colonies, one with sixteen, the other with 
thirty-two cells, both being the offspring of a thirty-two-ocllcd moliier colony. 
The >t>ung colonies are of the same age, but the cells of the sbcteen-eelled 
colony arc proportionally larger. X about 500. 

Fjg. i2, A mother colony and six young daughter colonies, all of which 
show more or less the influence of the oblong mother cell vesicle on their 
shape. X about 150. 

Fjg. 23. Ten extremely young daughter colonies, aH from the same 
mother cobny. Reprcductfon OKurred in this case after the mother colony 
had been sealed up as described for about eighteen hours and the free swim-' 
ming movements of the swarmspores were almost entirely suppressed. The 
colonies are two or more layers thidc and tlie interrelations of the cells are 
entirely abnormal and yet the cells themselves have taken on the four-bbed 
form t>-ptcal of the species. X ^bout rsa 

Fig. 24. Four young colonies from the same mother cotouy, illustrating 
still further, as do the preceding figures 15 to 23, the extreme range of fluctu¬ 
ating variation in cell arrangement which can be found In the offspring of 
a single mother colony, while in all the type of cell form remains quite eon- 
itanr. X about 4 dck 


LIGHTING IN ITS RELATION TO THE EYE, 


By C. E, FERREE AS# G. RAND. 

I 

Af^rit /j, 1917,} 

I. Int&oductiox, 

The work of which this paper is a brief outline was done under 
the auspices of the American Medical Association's subcommittee on 
the hygiene of the eye, of which Dr. William Cambell Posey, of 
Philadelphia^ is chairman, and has been in progress for six years. 
The object of the work has been to compare the effect of different 
lighting conditions on the eye, and to find the factors in a lighting 
situation which cause the eye to lose in efficiency and to experience 
discomfort In all 52 different lighting situations have been investi¬ 
gated, selected with special reference to the problem in hand. Also 
a number of miscellaneous experiments have been conducted per¬ 
taining to the hygienic employment of the eye. 

Confronting the problem of the effect of different lighting con¬ 
ditions on the eye, it is obvious that the first step towards systematic 
work is to obtain some means of estimating effecL The prominent 
effects of bad lighting systems are loss of efficiency, temporal^' and 
progressive, and eye discomfort. Three classes of effect, however, 
may be investigated: (i) The effect on the general level or scale of 
efficient}’ of the fresh eye; (2) loss of efficiency as the result of a 
period of work; and (3) the tendency to produce discomfort, A 
description of tests designed especially for this work has previously 
appeared in print. Some of these tests have been designed to de¬ 
termine the eye^s aggregate loss in functional power, others to aid 
in the analysis of this effect Time can be taken here only for the 
briefest mention of the principles on which they are based. The 
one with which the greater part of the work has been done is a test 
for determining the power of the eye to sustain clear seeing. Just 
ttt'o principles are Involved in this test. One is that visual acuity 
Or clearness of seeing may be measured by the smallest visual angle 
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which the eye is able to discriminate; the other^ a principle equally 
old, 15 that a loss of efficiency in a machine, apparatus, or a living 
organ or organism will show out more plainly when a prolonged 
rather than a momentary' performanc:e is required. These principles 
in their simplest terms have been combined into a lest of the com¬ 
parative ability of the eye to maintain its power of clear seeing or 
aggregate functional activity under different conditions of lighting 
and under different kinds and conditions of use. Such a test for 
clear seeing was needed because the conventional acuity test had not 
been found to be sufficiently sensitive to fatigue conditions to warrant 
adoption in our work. It, we scarcely need to point out, was designed 
to test the dioptric condition of the eye and may be used with more or 
less success as a test of how" far a given lighting condition i$ con¬ 
ducive to clear seeing with a maximum of momentary^ effort; but it 
has not the essentials of a fatigue test, nor of its converse, the ease 
with w'hich clearness of seeing is maintained, which are the features 
needed priniarily for the selection of lighting conditions for the 
greater part of the work that we are ordinarily called upon to do. 
Almost, if not quilc, as good results, for example, may be gotten 
w lih it after w^ork as before wdien there is every other reason to 
believe that the eye has suffered considerable depression in func¬ 
tional powder. The reason for this is obvious. Although greatly 
fatigued, the eye can under the spur of the test be whipped up to 
give almost if not quite as good restiUs as the non-fatigued organ 
when only a momentary' effort is required. If fatigued, how^ever, 
it can not be expected to maintain this extra effort for a period of 
time. The demonstration of this fact led early in our work to the 
introduction of a time element into the test. The principle involved 
is not a new' one. It is mcrGly the application of a very old and wtM- 
known one to the work of testing for ocular fatigue. If* for ex¬ 
ample, a sensitive test is wanted for the detection of fatigue in a 
muscle, as good results can not be expected if the test requires only 
a momentary effort on the part of the muscle as would be attained 
if the endurance of the muscle were taken into account. For our 
purpose, therefore, the old acuity Lest subjecled to certain features 
of standardization for the sake of greater reprodticibiliEy has been 
made into an endurance test in which the fatigue or loss of func- 
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tional efficiency of the eye is measured by its power to sustain dear 
seeing for a penod of time. In operation the test may be described 
briefly as follows: The power of the eye to sustain a certain standard 
ol acuity for tliree minutes is measured before and after a 3-honr 
period of reading from uniform type and paper under the lighting 
conditions to he tested. That is* by means of a visual acuity test 
object, with the proper auxiliary apparatus for its eonirol and obser- 
valionp and a kymograph and chronograph, records are made of 
the time the eye can be held up to this standard of performance and 
the time it drops below. The ratio of these quantities to each other, 
or to the total time for which the record is madCp is taken as the 
measure of the ability of the eye to sustain its power of clear seeing 
before and after work under the lighting conditions to be tested. 

Thus far the analytical tests have been confined to the retina 
and the extrinsic muscles of the eye. There are four ways in which 
the retina might be expected to show a depression of functional 
power: in a lowering of sensitivity to colored and white light; in an 
increase in the rate of exhaustion to light stimulation and a corre¬ 
sponding decrease in rate of recovery; and in an increase in the lag 
or time required to give its full response to light stimulation. We 
have already made tests for the first three of these features for the 
effect of different lighting conditions and work is under way for The 
testing of the fourth feature. In the work on the extrinsic muscles 
we liave again found it advisable for the sake of sensitivity in detect¬ 
ing small effects to use an endurance test instead of one rcqihriTig 
only a momentary performance. That is* we have supplemented the 
conventional abduction and adduction tests by^ a determination of the 
power to sustain the coordination of action on the part of these 
muscles needed for binocular seeing—measured by the power to 
maintain under strain the accurate combination of binocular i mages 
of a simple test-object before and after a period of work under the 
lighting conditions to be tested* The eyes are put under strain to 
combine their im^es to give the needed sensitivity to the test. 
WTien this is done even w'hen the muscles are fresh, if the object is 
looked at or fixated for an interval of time* it w^ill be seen alternately 
as one or as two. The proportion or ratio of the time seen as one 
to the time seen as two or to the total time of the observation can 
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be regulated by the amount of ittilial slfain under which the eves 
are put to combine their images. The regulation of this ratio is 
empirical and of importance; for, as is the case with the test for 
loss of efficiency for clear seeing, the sei^iiivity of the test depends 
to a considerable extent upon the initial value that is given to this 
ratio. The eyes may be put under strain to combine their images 
bj' interposing between them and the object viewed weak prisms 
and by adjusting them and regulating the distance of the object 
from the eye so that with the maximum of effort to see it as one, it 
is seen alternately as one or as two in the proportion desired. 

We have also tested the tendency of different conditions of 
lighting to produce ocular discomfort, and have explored the field 
of vision for the purpose of determining the liability to discomfort 
from the exposure of the eye to surface brilliancies of different 
orders of niagnitude. This tendency was measured by the time re¬ 
quired for just noticeable discomfort to be set up, in the former case 
both with the eye at w'ork and at rest under the lighting conditions 
in question, and in the latter with the eye systematically exposed to 
a given area and brilliancy of surface at different points in the visual 
field, by means of a large perimeter constructed especially for the 
purpose. 

The following aspects of lighting sustain an important relation 
to the eye : the evenness of illumination, the diffuseness of light, the 
angle at which the light falls on the object viewed, the evenness of 
surface brightness, the intensity of light, and its composition or color 
value. For convenience of treatment in this paper we have grouped 
the first four of these under the heading distribution factors. The 
work throughout has been conducted primarily for the purpose of 
finding out the comparative importance of these factors to the com¬ 
fortable and efficient use of the eye rather than to test the merits of 
various types and varieties of lighting. On the other band, however, 
the Investigations have not been abstract in character. That is, all 
the variations obtained were gotten in actual lighting situations by 
employing so far as possible lighting installations in common use. 
In order that a correlation might be had between lighting conditions 
and effect on the eye, the followii^ specifications of illumination 
effects and conditions was made in each case. 
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I, A determinatipn was made of the average illumination of the 
test room under each of the installations of lighting used, and of the 
distribution of light in the room. The room was laid out in 3 ft. 
squares and measurements were made of the hori^ontah vertical 
and 45“ components of illumination at 66 of the intersections of 
Che sides of these squareSp and at the point of work. In all cases in 
which the variation of intensity was not the special point of invest 
ttgaiionp the illumination For each installation was made as nearly 
equal as possible at the point of work. 

A determbiation was made in candlepower per square inch 
of the brightness of prominent objects in the room, such as the test 
surface and reading page; the ceiling spots above the reflectors for 
the indirect installations; the reflectors and the ceiling spots abov^ 
the reflectors for the senii-indirect installations; the reflectors^ open¬ 
ings of reflectors and the lamps in so far as they were visible for 
the direct installations; the specular reflections from surfaces^ etc+; 
and the surfaces of low est brightness to get the range. 

3. Since the angle of presentation is an important feature in the 
effect On the eye, a deLermination was made al&o of the angle of ele¬ 
vation of some of the more important surfaces such as the reflector^ 
opening of the reflector, etc,, above the plane of the observer's eye 
when held in the working position, 

4. Photographs were taken of the room from three positions 
under each system of illumination. 

In the selection and use of observers for the work the following 
are some of the precautions that were taken: Care was exercised in 
the first place to choose only tho&e who had showm already a satis- 
factor)^ degree of precision in other work in physiological optics and 
whose clinic record showed no uiicorrected defects of consequence, 
All were under 30 years of age. Before being allowed to take part 
in the actual work 01 te.'^ting each observer was trained to a satis¬ 
factory degree of precision in the j-minute record under a given light¬ 
ing condition and in the 3-hour test under sev^eral of the conditions 
to be tested. In the actual work of testing the results were com¬ 
piled from several observations and the precision was checked up 
by the size of the mean error. No results were accepted as signifi¬ 
cant unless the variation produced by changing the conditions to be 
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tested was largely in excess of the mean vaTiation or mean error 
for each condition tested. This, the accepted conventional cheek 
OR the influence of variable exlraneotts factors was carefully ap¬ 
plied at each step in the work. 

In attempting to make any presentation of results for a problem 
so complicated as the one under investigation, in the space allottedp 
vve have had to choose between giving the details for some particular 
piece of work and tr>'jng to draw some general conclusions from the 
work as a whole, supplemented by an Incomplete statement of data*^ 
so far as the tests have been applied up to the present time. We 
have chosen the latter alternative* akhough caution and our own 
preference arc on the side of the former. 

As already stated, the work has been in progress for six years. 

^ For a detafled statement of the data obtumed m these experiments the 
reader Is referred to the Tranjartidn;^ of tkf So- 

frfiy, i^ij, VIII., pp, 4<H5 o; tgt|, X., pp. 407-447; 448-301; igid, 

XL, pp. tiii-1137; igiy, Xil., pp. 464-4B7. 

In these rtfcreitcts i^iEl be found data on the following points for the 
lighting conditions tested: (o) The horiiontaJ, 45* and vertical components 
of ilEuiniftation at the 66 staliotis in the test room, the mean deviation of 
these values from the average illumination and the percentage mean deviation 
in some of the more important eases. {&) I^Ieasurementj in asndlcpDwer per 
square inch of the brighmeis of prominent objects in the room, such as the 
test surface, the rcadmg page, the ceiling above the rejectors for the 
indirect installations; the rc&ectors and the ceiling spots atuve the reflectors 
for the semi--in direct installations; the specular reiletttons from surfaces; 
etc.; and the surfaces of lowest brlghlnesa to get the range, (c) Ratios be¬ 
tween surfaces of the first, second, third, ttev^ order of brilliancy and surfaces 
of the lowest order of briEliancy^ and between surfaces gf the first, second 
and third order of briltiancj' and the brightness at the point of w^ark, to show 
the gradations In surface brightness. Again in some of the more import^mt 
cases the mean deviation of the brightness values of the dilFcrent surfaces 
from the average brightnires of all the surfaces measiired, and the pereenlage 
mean deviation have been given, id} The angle of elevation of some oi the 
more important surfaces such as the reflector, opening of the reflector, etc,, 
above the plane of the observTr's e>'e when in the working position, fe) 
Photographs for each system of ilTumliiatign representing to the tyt the de¬ 
tails of the test room, the location and type of lighting unlls* the position of 
the test station, the apparatus with which the tests were made, the illuinina- 
tlon effects (distribution of light and surface brightness), etc. And (/) 
tabled gluing a detailed numerical statement of the results of the test includ¬ 
ing among other items a eomparison 01 the average error of each set of 
determinations with the change of result produced by changing the lighting 
condition^ tested, as a check on the significance of the results. 
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We have avoided, therefore, as far as possible, making any com¬ 
parison of results in different series or years; but wherever this has 
been done, the comparisons are based on the results of the same 
observer with sufficient check experiments to show that the error 
of observation is safely within the variation in result upon which 
the conclusion is based. The following arc some of the results that 
have been obtained. 

1, Of the ligluing factors that influence the welfare of the eye, 
those we have grouped under the heading distribution arc appar¬ 
ently fundamental- Thus far in the work they seem to be the most 
important we have yet to deal with in our search tor the conditions 
that give us the minimum loss of efficiency and the maximum com¬ 
fort in seeing. If^ for example, the tight is well distributed in the 
field of vision and diffuse and there are no extremes of surface 
brightness, our tests indicate that the eye^ so far as the problem of 
lighting is concerned, is practically independent of intensity of light. 
That is, when the proper distribution effects are obtained, intensities 
high enough to give the niaxinium discrimination of detail may he 
employed without causing appreciable fatigue or discomfort to the 
eye. The work on composition or color value of light is still in 
progress. While^ therefore, we are not in a position to conclude 
fully on this point, our belief based on the work vvhich bas twen 
done is that the color differences that are ordinarily present in ar¬ 
tificial light are not nearly so important as are, for example^ the 
differences in the precautions that arc being used to exclude high 
brilhancEes from the field of view. The defects with regard to color 
value are, however, as a practical problem harder to remedy. 

2, For the type of control of distribution factors given by the 
semi-indirect reflectors of low- and medium density and the direct re¬ 
flectors w'hkh present, as many of them do, excessive brilliancies due 
to opening, surface of reflector, or w'hoUy or pariially exposed 
sources^ our results show that often too much light is used in ordi¬ 
nary work for the comfort and welfare of the eye. That is, with 
these reflectors, means have not yet been found to produce this 
amount of light without introducing harmful brilliancies into the 
field of vieiv, 

3, The angle at which the light falls on the object viewed is an 
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important factor especially if the light is not well diffused and the 
surface of the object viewed is not sufficiently mat in character; but 
not so important, for example, as a certain evenness or gradation of 
surface brightness in the field of view. High brilliancies in the field 
of view seem in fact to be the most important cause of the eye's 
discomfort and loss in power to sustain clear seeing in lighting sys- 
cems as we have them ac the present timer In lighting from exposed 
sources it is not infrequent to find the brightest surface from one 
millton to two and one half million times as brilliant as the darkest; 
and from three hundred thousand to six hundred thousand times as 
brilliant as the reading page. These extremes of brightness are, 
our tests show, verv- fatiguing to the eye, especially when the high 
briLMaiicies occur in certain zones or regions of the field of view- 
4, Of the commercial systems of artificial lighting tested thus 
far, unmodified, the best results have been obtained for the indirect 
systems, and the semi-indirect systems with reflectors having a high 
density. By means of these reflectors the light is well distributed 
in the field of view and cxErenies of surface brilliancy are kept 
within the limits which the eyes are prepared to stand- A great 
deal of loss in power to sustain dear seeing has been found to result 
from the use of semi'indirect reflectors of low and medium density- 
and from the use of direct reflectors of shallow and medium depth- 
^Vith regard to the degree of density that is most favorable to the 
eye, the direct reflector seems^ however, to present a special case^ 
With translucent reflectors of medium depths our best results have 
been gotten so far with reflectors of medium density. This, how^* 
ever, is not in contradiction to our principle that extremes of bright¬ 
ness arc fatiguing to the eye. For if the physical efliciency of the 
reflector is not to be lowered by increasing its density, its opening 
must become brighter lu some proportion to the Increase of density; 
i. e-, in a totally opaque reflector all, and in the denser reflectors 
nearly all of the light sent to the working plane must come from the 
opening, ilorcover^ in case of the denser reflectors, the ceiling and 
the reflectors are relatively dark, while standJug out in sharp con¬ 
trast to them is the bright opening of the reflector. In the reflectors 
of medium density-, however^ the reflector need not have such a high 
brilliancy and there is little contrast between it and its surraimdings. 
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Wlien installed on or near the ceiling in rooitis o£ moderate height, 
the best results seem to be obtained when the opening, the surface 
of the reflector and the ceiling have as nearly a^ possible eqyal bril¬ 
liancy. It seems probable that the effect on the eye of the denser 
reflectors can be very much improved by increasing the depth of the 
reflector and by other devices that will lower the brilliancj" of the 
opening. In fact the best results we have as yet gotten from any 
type of reflector have been from a direct opac|ue reflector of the deep 
bowl t>pe, modified so as greatly to reduce the brightness of the 
opening, giving a field of view with the lowest maximum of bril¬ 
liancy of any w'e have as yet been able to obtain in an actual light¬ 
ing situation. This reflector^ io% in. in diameter and in. deep^ 
was lined to a depth of 3.7 in. with a mat surface having a reflec¬ 
tion coeflicient of about 4 per cent, lloreover+ a result almost as 
good as any we have obtained by indirect lighting was gotten by 
giving this band or lining a reflection coefficient of about 38.5 per 
cent. In the former case the brightness of the opening taken from 
the position of the observ'er's eye was O.0129 cp. per sq. In., a reduc¬ 
tion of 99.8 per cent, in the maximum brilliancy of the opening; and 
in the latter, 0.1815 P*^r sq. in., a reduction of t>6 per cent. In 
the former the illumination of the room was reduced on the average 
25 per cent.; and in the latter, 12.4 per cent. Poor results are given 
by shallow direct reflectors of all densities unless they are installed 
so high above the w'Orking plane as to he almost if not entirely re¬ 
moved from the field of view. 

5. We have frequently been asked to fix an upper limit of bright¬ 
ness which the eye can stand without any considerable loss in power 
to sustain dear seeing through a period, of work. At present this 
can be done at best only very approximately; moreoverT the value 
assigned can not be made independent of the grouping of conditions 
in which this brightness occurs. For exampte, a lighting installa¬ 
tion wrhich has its highest brightness well within the field of view 
demands a smaller maximum than one in which these brightnesses 
are carried outside the zone of most barrtilul effects on the eye. 
That is, higher brighinesses can be tolerated for the totally indirect 
reflectors* or for direct reflectors installed on the ceiling, than for 
semi-indirect reflectors in case of which the highest brightnesses* 
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namely, the brightnesses of the reflectors^ are m rooms of moderate 
height dropped well into the field of ’view. It is obviotis also that 
the effect will depend on the number and size of the bright surfaces 
in the field of view as well as on the angle of presentalioii to the 
eve. For rooms of the si^e of the one in which we worked, an ap¬ 
proximation o! a maximum brightness may be gotten from the fol¬ 
lowing data based on the testing of 52 lighting situations. For the 
indirect installations the eye fell off S.6 per cent, in power to meet 
the standard imposed by the test as the result of 3 hours of con¬ 
tinuous reading with the maximum brightness in the field of view 
of 0,13s cp, per sq. in. For the direct installation the loss was 6.6 
per cent, for a brightness of 0,0129 cp. per sq. in,; 8 per cent, for a 
brightness of 0.tSi5 cp. per sq. in.; and 32.9 per cent, for a bright¬ 
ness of 0.66 cp. per sq. in. For the semi-indirect installations the 
loss was IS iram a brightness of 0,264 ^*1- 

per cent, for a brightness of 0.361 cp. per sq. in*; and 60 per cent, 
for a brightness of 0.614 cp. per sq. in. We would not feel inclined 
to recommend a maximuin brightness greater than 0.13-0.2 cp. per 
sq. in. with the grouping of distribution factors ordinarily found in 
the lighting of rooms. In contrast with this, the brightness of the 
gas flame and oil lamp is from 3-^ cp. per sq. in,; the Welsbach 
mantle fronr 20^50 cp. per sq. in.; the carbon filament from 375- 
4S0: the filament of the vacuum tungsten lamp from 875-1 pOOO; the 
filament of the gas-filled tungsten lamp 10,271-16433: and the open 
arc lamp from 104x50-50,000. 

6. A marked characteristic of the effects produced by the dense 
and completely opaque direct reflectors w^as the loiv illuminatiou of 
the ceiling and upper part of the room, and the high and in some 
eases almost glaring illumination of the floor and objects in the 
working plane. So far as the effects on the eye of the kind regis¬ 
tered by our tests arc concerned, however, these irregularities of 
illumination and of low- surface brightness extraneous to the lamp 
and reflector seem to be of comparatively little consequence, so 
long as the higher brilliancies of lamp and reflector are themselves 
properly taken care of. With the direct reflectorSp translucent and 
opaqtiCp we have had quite wide variations in the distribution of 
illumination ranging from the welhilluminated ceilings and the com- 
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parauvely evenly illuminated and working plane for the re^ 

ficclors of medium density to the dark ceilings and upper part of 
the rppm and highly illumined lower half for the opaque reflectors. 
And with the opaque reflectors turned towards the ceiling, the trans¬ 
lucent reflectors turned both up and down, and with reflectors of 
both the focusing and distributing types, we have had the greatest 
amoum of light first in the upper half of the room, then in the 
lower half, and w'ithin limits lanes of light have been produced; 
still it has been possible to get in all of these cases comparatively 
good efifects on the eye so long as no excessive brilliancies were in¬ 
troduced in the field of view. Again, however, we do not w'jsh 
to say that this is the only factor that makes for the welfare of the 
eye. We wish only lo call attention to its ver>^ gteat importance, 

7. The problem of installing is not tbe same for the semi-in- 
direct as for the totally indirect reflector. lu the latter case tbe 
height should be adjusted so as to give as nearly as possible an 
even distribution of surface brightness on the ceiling and even¬ 
ness of illumination on the working plane. In the case of the semi- 
indirect reflectors, especially those of low and medium densities 
and in rooms of medium height, if tbe distance from the celling is 
made great enough to produce these effectSj, the bright reflectors 
are dropped loo low in the field of view for the highest comfort 
and efficiency of the eye. Apparently the denser they are. the more 
nearly they should be installed as are tbe Indirect reflectors; and the 
less dense they are the more nearly they should be installed as arc 
the direct reflectors of similar density, so far as eve effects of the 
kind revealed by our tests are concerned. In this connection it 
may be pointed out that in current practice direct reflectors for 
general illumination are usually installed on the ceiling or as near 
to it as is possible, especially in rpom^ of Ioav and medium height. 
How^ever^ while this may be a good general rule for the installation 
of direct reflectors of low and mediuni density and of shallow and 
medium depths the question of most favorable height for the dense 
and completely opaque reflectors is* w'e believe, still open to investi¬ 
gation. 

S, In the work of providing general Illumination the most diffi¬ 
cult feature presented in the problem of protecting the eye is en- 
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cminterecl in the lighting oi rdmms of low and medium height. The 
difficulty decreases with increase of (he height of the ceiling. In 
rooms whose ceilings arc very high in proportion to other dImen* 
sions of the room, it seems safe to say that comparatively good 
results could be gotten with almost any reflector of modem design; 
for it is much easier in such rooms to get the bright sources of 
light, primaiTTi' and secondary, out of the zone of most harmful in¬ 
fluence on the eye. 

g. The loss of efficiency sustained by the eye ih an unfavorable 
lighting situation seems to be muscular, not retinal. The retina 
has been found to lose little if any more in eflicicncy under one than 
under another of the lighting systems employed, 

10, The observation of motion pictures for two or mote hours 
causes the eye to lose heavily in efficiency. The loss decreases 
rather regularly with increase of distance from the projection 
screen. It seems little if any greater, however, than the loss caused 
by an equal period of steady reading under much of the artificial 
lighting now in actual use. In making these tests care was taken 
to choose a projection apparatus which gave a picture compara¬ 
tively steady and free from flicker, 

11. In all the conditions tested a rather close correlation is 
found to obtain between the tendency of a given lighting condition to 
cause loss of visual efficiency and to produce ocular discomfort 
The tendency to produce ocular discomfort, as already stated, was 
estimated by the time required for just noticeable discomfort to be 
set up with the eye both working and at rest under the conditions to 
be tested. The results of this work were also carefully checked 
up by the determination of the mean error of the observation. 

IL Some of the Cokditions Tested {Commercial Types of 

Lightisg). 

The tests throughout the work were conducted in a room 30.5 
ft. long, Z2.0 ft. wide and 9.5 f«. high. In Fig, i this room is shown 
drawn to scale: north, south, east and west elevations, and plan of 
room. In the plan of room are shown by a cross and the appro¬ 
priate numeral the (56 stations at which the iliuminiilion measure- 
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nients were made^ al$o th^ positions of the outlets: A, B, C, D, E, 
F, G and H for the li^htin§^ fixtures. In the drawing east eleva- 
tion» one of the positions at winch the tests w^ere taken, is repre- 


Fig. I, Plan of test rooiru 


scnted, namely, the one with six reflectors in the field of view* 
The walls and ceilings of this room are of rough plaster painted a 
mat white. The floor is of medinm dark tiling. 


r. Direct^ Semi-mdtr^ct and Indir^tH Systems of Lighting. 

In our choice of the first set of conditions to be tested it was our 
purpose to make a selection that would give a wide variation in the 
distribution factors. Three types of lighting were chosen. One 
may be called an indirect system; one a direct system; and one a 
semi-indirect system. The direct reflectors were not of the most 
modern make, although they may be said to have given effects very 
similar to much of the lighting in actual use at the present time. 
They w-ere of porcelain w^are i6 inches in diameter and only slightly 
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concaved. When placed above the lamps employedp they served 
merely to direct the light to the ^vorking plane. No protection from 
the brilliancy of the light source was afforded to the eye. For tlie 
semi^indirect system inverted alba reflectora 1 1 inches in diameter 
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Chaet L (Direct Scmi-indirect and Indirect Sysitems of Lighting.) 
ShowiTig the ^wer oF the eye to sustain clear seeing under direct swnb 
IndirKt and indirect systems of lighting, and the efiect of vajrj'ins die ob¬ 
server's positioti in the room or tJie number of bright sources, primary and 
secondary, in the hetd of vision^ Power tn snstaiii cl^r seeing before and 
after work is represented on the ordinate and hours of work on the abscissau 
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were employed. These reflectors are of modem design and repre¬ 
sent very well glassware of medium density. In case of the indirect 
system corrugated mirror reflectors were used inclosed in brass 
bowls. These reflectors are also of modem design and give effects 
which may be taken to represent very well those obtained in good 
Indirect lighting. The tests were taken at four positions in the 
room, one with siXp one with four^ one with two, and one with none 
of the lighting units in the field of view* The last three of these 
positions are marked with a cross in Fig. i* east elevation, A 
graphic representation of the results of the tests for the four po¬ 
sitions is given In Chart i. Because of the amount of space that it 
would require^ a tabular statement of results from which these and 
subsequent charts were constructed will not be given in this paper^ 
In the second series of experiments we undertook to determine 
the most favorable intensities of illumination for the three types of 
installations w^e had used in the first series; and in addition the 
effect of varying the intensity of the illumination with the particu¬ 
lar grouping of distribution factors represented in each case. The 
tests were made in the same room, with the same fixtures, and in 
general with the same conditions of installation and fuethods of 
working as were described in the account of the experiments of the 
first series. To secure the various degrees of intensity of light 
needed, lamps of different wattages were employed. In order to 
keep the distribution factors as nearly constant as possible lor a 
given type of system, the lamps used in making the tests for that 
type of system ivere all of one w^attagCp i- e-j were all 15 s. 25 4 *^^^ 

6o'Sp or loo's. For the indirect and semi-indirect systems 25, 40, 
60p and 100-watt lamps ’ivere employed. Our fixtures for the direct 
system were so installed that either one or two lamps could be used 
in each fixture, totalling respectively S and 16. In order to get a 
vvider range of intensities both numbers of lamps were used, f. 
one scries of tests was made with S lamps^ and another with 16. 
Also four intensities of light were employed In each ca^e. These 
intensities were secured in the S-lamp system by using lamps to¬ 
talling 120^ 365^ 400 and 8cx> watts. In case of the semi-indircct 
and indirect reflectors socket extenders had to be used with the 25 
and 40-watt lamps. That is, without the extenders these lamps, 
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on account of their smallet size, came so low in the reflectors as to 
change the distribution effects given by the reflector. For example, 
without the socket extenders with these shorter lamps, the spot of 
light on the ceiling, for the Indirect system especially, was made 
smaller and correspondingly more brilliant. It was considered to be 
a point of interest In relation to the general problem to determine 
whether this comparatively small change in illumination effects 
would cause any difference in the eye's ability to hold its power to 
sustain clear seeing. The results of the tests for the different in¬ 
tensities of light for the three systems of lighting are shown in 
Qiart II. Space need not be taken here to represent the compara¬ 
tive effects with and without socket extenders {see Trans. HL Eng. 
Soc., 1915, X., pp. 473 - 47 < 5 ). In this connection it will be suffi¬ 
cient for our purpose here to state that quite an appreciable dif¬ 
ference in result was obtained especially in case of the 25-watt 
lamps. These experiments constitute but one feature of a series 
conducted to show the effects of faulty installation. 

2. Scmi-indirect Reflsctors Differing in Density. 

In the work under the first and second sets of conditions the 
influence of differences in the distribution factors, more especially 
surface brighEness, was clearly revealed by the use of wide varia¬ 
tions in illumination effects. In the third set of conditions much 
smaller variations were employed. Such differences in effects were 
included as could be obtained by employing semi-indirect reflectors 
alone ranging from medium to dense. Six sets of reflectors were 
used, similar in size and shape and differing only in density'. These 
reflectors were furnished by the Holopbane Works of the General 
Electric Co, (now Ivanhoe-Regent Works) with special reference 
to the needs and purpose of the investigation. They are all of the 
bowl type and 8 inches in diameter. Reflector I. is a pressed Sudan 
toned brown; Reflector II. a blown white glas.s toned brown (an 
experimental product) i Reflector III, a pressed Sudan; Reflector 
IV, a pressed Druid; Reflector V. a blown Veluria; and Reflector 
VI. a blown white glass (also an experimental product). Reflectors 
L, III.. IV. and V. arc commercial products, 11 . and VT. are in- 
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sertetl in the series ta ^vc gradations in densit>^ These reflectors 
were insialicd 30 inches from the ceiling in accord with the prin¬ 
ciples of indirect lighting. Clear lungsten lamps were used as light 
sources with each installation. These reflectors are numbered in 
order of their density from greatest to le-ast, that is. Reflector I. is 



Chart 111 . (Semt-indirect Rtflectori Difeneii b Density.) Showing 
the tendency of the six types of semi-indirect reflectors to cause loss of 
power to sustain ctear seeing. In Aj, power to siisiain dear seeing before and 
after work is represented on the ordinate and honr^ of work on the absdssa. 
In pcrecnlas* of drop in power to snsia:rn dear seeing after work for the 
different reflectors is plotted along the ordinate and brightness of reflector 
in condlepower per square inch along the abscissa. 
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= By muItipTying the Above values by 486,^ they may he converted into 
miflJlamberts, a term frequently used by engineers to specify small brightness 
quantities. 
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CHAirr IV- (Sems-bdiTect Reflectors Differing la Density.) Sbowldg 
the tendency of the six types of seinMndjrect reflector to loss of powet 
to snstain clear sEcing. In Curve A, percentage drop in power to sustain 
clear seeing after worlc for the different reflectors plotted against ratio of 
average brightness to brightness at point of work j in B, against ratio of light¬ 
est surface to brightness at point of workj in C, against average brightness £ 
in p, against ratio of lightest surface to avcTage hrighmesa; in against 
ratio of lightest surface to darkest surface; and in F, against ratio of average 
brightness to darken surface. 
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of the greatest and Reflector VL of the least density* In this 
connection it is scarcely needful to mentton that the ^eater is the 
density of the reflector, the lower h the hrilliaocy of the surface 
which it presents to the eye. The results of this series of experi¬ 
ments are represented in Chart III. 
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In the tables referred to on a previous page (footnote i* p. 445) ^ 
we have shown for the sake of completeness of represeiiEation the 
gradation of surface briglitness in three ways: (i) Brightness meas¬ 
urements of prominent surfaces have been made, {2} Ratios have 
been given between surfaces of the first, secondp third, etc,, order of 
brilliancy, and surfaces of the lowest order of brilliancy; and be¬ 
tween surfaces of the first, second and third order of brilliancy and 
the brightness at the point of work. And (3) the mean variation 
from the average and the percentage of mean variation have been 
showm. In the consideration of these specifications a number of 
single items might be selected as of possible significance in relation 
to the etfect on the eye. Among these may be mentioned the order 
of magnitude of the highest brilliancies; the average brilliancy; the 
ratio of the highest to the low^est order of brilliancy; the ratio of 
the higliest order of brilliancy to the brilliancy at the point of work 
(brightness of test-object and reading page); etc. In order to see 
which of these correlate most closely with the results of the test, 
curves have been constructed in which some of these features are 
plotted against the results of the test. These curves arc given in 
Charts III. and IV. In Chart III,, B, percentage loss of visual effi¬ 
ciency is plotted against the highest order of brilliancy, namely the 
brightness of the reflector. In Chart IV. are grouped the remainder 
of the curves, 

% 

3. Transluc^tt Direct Reficefors Differing in Density. 

In the (purth series of experiments it was decided to use the 
same reflectors as were used in the third with one omission (the 
blown Veluria) because of its dose similarity to another in the series, 
and to instai them in accord with the principles of direct lighting. 
In this series was included also a set of reflectors of prismatic glass¬ 
ware, differing somewhat from the others in size and design. They 
wdll be designated by the numerals L, II., III., IV., V. and VI., num¬ 
bered for convenience of treatment in the tables in the order of their 
effect on the eye from best to worst. Reflector L is the pressed 
Druid; Reflector IT, the blowm glass toned broivn (experimental); 
Reflector HI. the blowm while glass (experimental) ; Reflector TV. 
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the pressed Sudan; Reflector V. the pressed Sudan toned brown; 
and Reflector VL the prisinatic. The siie and type of the first five 
of these reflectors have already been given. Reflector VI. is of the 
extensive type, in. in diameter and 5^ in. deep. Reflectors 
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Chart V. (Tran'^lucent Direct Reflectors Differing in DeestlyJ Show- 
iriff the tendency of the six types of translucent direct refleetorfi to cause loss 
of power to sustain clear seeing* In power to sustain clear seeing before 
and after work is represented on the ordinate and hours of work on the 
abscissa; and in B, percentage drop m power to sustain clear seeing after 
work for the different reflectors is plotted along the ordinate and highest 
brightness of reflector in candicpower per square inch along the absclssor 
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I\V * and V L are tomntercial products^ but IL and IIL are experi¬ 
mental products inserted in tbe series to give gradation^ in density. 
The blown Veluria used in the former scries of experiments was 
omitted frcrni this series because the illuminatton effects obtained and 
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the effects on the eye, as determmed in preliminary cxperimentSp 
differed so liltle from those gotten from the blown white glass as to be 
considered as o£ little aignifieancc for the present work. These re¬ 
flectors were all used with 234 form II ” holders, and were In¬ 
stalled on the ceiling pendant in accord with the principles of direct 
lighting. Full-frosted tungsten lamps svcre used as light sources 
with each installation. The results of this scries of e^cperiments arc 
represented in Chart V,= 

In the tables® referred to in footnote p. 445, we have again 

® In consMeriag these res<tilt£ it ih&u3d! be ii*mc m mind that these re¬ 
flectors have been used tvroduce cert^ain variatjon^ in illucninatton effects 
and that the wurk hai not been conducted as a specific test of reflectors. For 
example^ in order ig secure in *JI cases approximately etiiiaE iltufiilnattoii at 
the lest object, ihc hmps lud to be operated at shghtSy higher voltages for 
some reflectors than for others- This produced for the different reflectors 
slightly different relative brightness values for outer surface and opening 
than would have been obtained had the lamps all been operated at the same 
voltage. Also clear and bowl-frosted bmps are more commonly used with 
these reflectors than fulbfrested lamps. One effect of using dear or bowl- 
frosted bmps with them in this work would have been to have increased the 
brightness of both opi^ning and outer surface of the reflectors and to have 
given, there Is good reason to believe, a corresiM^ndingly uniformly poorer 
result for the eye. It is never entirely safe to predict results under conditions 
differing even slightly from what have been used, but from data at band there 
is no reason to think that the change would have produced any significant 
difference in the relative rating of these refieclors. The full-frosted lamps 
were used foe two reasons: (a) to test the whole group of reflectors under 
conditions as favorable as possible for the eye. This is admittedly only 
point of view; the resulrs might have had a more direct practical bearing had 
clear or bowl-frosted bmps been used. And (ft), which is the chief reason, 
for the sake of making the work as far as possible comparable with the pre¬ 
vious work, wc desired to make the illumination of the test object as nearly 
equal as could be for the different rcflecrors, tran^tucent and opaque, and 
equal to that used in the former work. This was best accomplished by the 
selection of lamps made, 

* The following points might perhaps be cited in connection wdth the 
brightness spccificaffnns given in these tables. In case of the translucent re' 
Hectors, installed pendant, two important items of surface brightness should 
be taken into account, the brightness of the opening and the brightness of the 
outer surface of the reflector. If a dense reflector i$ chosen, for example, 
the brightness of the opening tends to become excessively high; also its ap¬ 
parent or physiologic brightness Is Increased by induction from its dark sur¬ 
roundings which effect does not register on the photometer. If, gn the other 
hand, ihe reflector chosen transmits too mueh hgbt ihe brightness of the ouler 
surface of the reflector becomes too high for the comfort and welfare o( the 
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shown the ipradation of surface brightness in the manner described 
id the preceding section* And in order to ascertain which oi the 
brightness specifications—order of magnitude of highest brilliancVp 
average brilliancy, ratio of highest to lowest order of brilliancy, 
ratio of highest order of brilliancy to average brilliancy, ratio of 
average to lowest brilliancy, ratio of highest order of brilliancy to 
brightness at point of work (brightness of test object and reading 
page), etc,—correlate most closely with the results for the tendency 
to cause loss of power to sustain clear seeing, curves have been con* 
stmeted in which a number of these features were plotted against 
the results of the tests. These cur^^es are given in Charts V. and VI, 
In Chart per cent, loss in povver to sustain clear seeing is 

plotted against the highest order of brilliancy that varies by any 
considerable amottnt from installation to installation, namely, the 
brightness of the reflector—outer surface and opening. In Chart 
VI. are grouped the remainder of the curves* 

Three points may be noted perhaps with reference to these 
charts: (i) The prismatic reflector^^ which differ in design from the 
rest of the series, more or less cotispicuotisly fall out of the curve in 
every case but tw o. The effect of difference in design on the smooth¬ 
ness of the curve come$ out especially in the results w ith the opaque 
reflectors (shown in the report of the next series of tests), in which 
case there are marked differences in both size and design. All of the 
curves plotted on the above bases are very irregular in case of these 
reflectors w'hh the exception of separate curves for three which are 
similar in design. For a statement of the probable reasons for this 
inequaiit)' see this paper, pp. 468-^* (:3) The greater regularity of 

the curves is rather strikingly marked in which the highest order of 
brilliancy that varies by considerable amounts or the ratios in which 

eye, For the translucent reflectors used in these tests, the hett results have 
been obtained with the reflectors of medium density. The reverse of this 
was true, it will be rctnetnberedT when the same reflectors were installed iu- 
vertedn The highest brightnesses when these reflectorit are installed pendant 
are the filament spots on the lamps. Only very small areas of these spots 
are visible* however, and Uieir brightness and the brightness of the lamp 
differ so little from instal^aLion to installation as to be, in all probability, of 
relatively little consequence in a comparative study of effects on the cye^ 
The ssKnificant variables are thus the brightof the outer surface and 
opening of the reflector. 
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this quantity appears^ is plotted against the results of the test. This, 
it will be reinembered, wa$ true also of the work of the preceding 



CEAftf VI. (TraJi^ltJccfit Direct Reflectors Diffenn^ Density-) Show¬ 
ing tbe tendency of the sbc types of translucent direct redcctars to cause loss 
of i>ower to sustain clear seeing. In Curve A, percmtiige lci$$ in power to 
^nstaEn clear seeing after work is plotted ratio of bigbest brightness 

of reflector to brightness at point of work; In against ratio of highest 
brightness of reflector 10 average brightness; in C, against ratio of highest 
brightness of reflector to darkest surface in field of ^iew; in A against aver¬ 
age brightness; in E, against ratio of average brightness to brightness at 
point of work: and in against ratio of average brightness to darkest sur¬ 
face in the fleM of view. 
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experiments* (3) The range of brigblness for this set of experi¬ 
ments is quite a little higher m the scale than far that of the former 
experiments with the same reflectors. This fact should be borne in 
mind, for example, in comparing the shape of the curves for the 
two sets of experiments in which highest order of brilliancy is 
plotted against the results of the tests. In case of the present ex¬ 
periments, for examplep the curve begins at a pointy 0.6G candle- 
power per square inch, which is well above the knee of the former 
curve. That is, the two curves are in general quite similar in shape 
when they are coinpared for the same range of brightness values. 
The former curve has, ho^vever. the greater regularity; but in con¬ 
nection with this fact it should be borne in mind that a variation of 
the brightness factor in separation can be more nearly accomplished 
w^ith these reflectors when they are installed inverted than w'hen they 
are installed pendant. 

4. Opaque Direct Rcflettars Differing in Ditnettsiafts^ 

Ltning and Dtjdgn. 

In this series of experiments the testing of pendant reflectors 
was continued. Seven totally opaque reflectors differing in lining, 
dimensions and design were used. Jn connection w ith the work of 
this series of reflectors^ tw'o points of perhaps more than usual in¬ 
terest may be noted: (u) By means of a modification of one of the 
reflectors used^ Reflector IV., made to reduce the brilliancy of the 
opening, a field of view" was given having the lowest maximum of 
brilliancy of any that ive have as yet been able to obtain in an actual 
lighting situation; and (i?) we were able to test more effectively than 
in any lighting situation previously used, the importance of evenness 
of surface brightness compared with evenness of illuminatton as a 
factor influencing the ability of the eye to maintain its power of 
clear and comfortable seeing. 

The opaque reflectors represent a more promiscuous selection 
than tlje pendant translucent reflectors previously used. That is^ in 
case of the translucent reflectors^ all hut one. Reflector VI,, w'ere of 
the same size and design, and the variations in the illumination 
effects w'cre obtained by vatyung the density of the reflector alone; 
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while in case of the opaque reflectors the significairt variations in the 
lighting effects were produced by changing the size (more especially 
the depth) of the refleclOT^ the lining and the design. Of these Re¬ 
flector IV, was of blown silvered glass w'ith a system of spiral 
corrugations on its reflecting surface for the diffusion of light. This 
reflector was of the deep bowl typ^, I0)4 in, in diameter and 
in. deep. Reflector V, was also of blown silvered glass and had a 
vertical system of finer corrugations than had Reflector IV. This 
reflector w'as 9^ in. in diameter and 8 in. deep and was more dis¬ 
tributing in tj'pe than was Reflector IV, Both of these reflectors 
were used w-ith 33^ in, form holders. Reflector VL was a 

steel* aluminum-finished reflector of the intensive t)pe* 8)4 iin in 
diameter and 7)4 in. deep. This reflector was provided with a clip 
ring which w^as attached directty to the socket. Reflector VII. was 
a porcelain-enameled steel reflector of the shallow' dome or dis¬ 
tributing Kpe, 15 in, in diameter and 6J4 m. deep. This reflector 
w'as used with a 2)4 Iri- form holder. 

Early in the work wdth these reflectors it ivas found that if 
good results for the eye were to be obtained with dense or com¬ 
pletely opaque reflectors^ some way must be gotten either of shield¬ 
ing the eye from the opening of the reflector or of reducing its bril¬ 
liancy which increases as the density of the reflector is increased. 
Obviously something can be accomplished in this direction by using 
reflectors of the deep bowl t>'pe^ giving specular rather than diffuse 
reflection* if the angle of presentation to the eye is not too great. 
Reflector IV.* for example, is of this type- The opening of this 
reflector was of low' brilliancy when viewed at an angle of t3® 19', 
the angle of presentation to the ej'c for the tw“o reflectors farthest 
from the observer in the present series of experiments. High np in 
the reflector^ however* w^as a small but brilliant Lniage of the lamp, 
a part of which was visible at an angle with the eye of 20® 17% the 
angle made by the two reflectors at Outlet B {Fig. i)^ and still more 
at an angle of 40°* the angle made by the two reflectors nearest the 
observ'er. It w'as thought advisable to find out liow much this re¬ 
flector could be improved in its effect on the eye by reducing the 
amount of reflection for a certain distance above the lower edge of 
the reflector. This was accomplished for the purpose of these ex- 
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periments by lintng the reflector to a depth of 9.5 crn. (3.7 in.) with 
a mat surface of low reflection coefficient. This lining formed all 
of the surface that was visible in the openings of the four reflector^ 
at Outlets A and and cut out the image of the lamp in the two 
reflectors at Outlet B, In the two reflectors nearest the obser^er^ 
however^ some of the bright lining and image were still visible, but 
the angle of presentation was here great enough that comparatively 
little effect on the comfort of the eye and its power to sustain clear 
seeing was had or was to be expected. Two sets of lining were 
usedj one a very' dark gray (reflection coefficient of about 4 per 
cent.); die other a lighter gray (reflection coefficient of about 3®'5 
per cent.). Reflector IV, provided with the first of these linings is 
designated in the charts as Reflector 1 ., and wdth the second, as 
Reflector Still another modification was made of this reflector 
lo lessen the effect of the opening on the eye. The apparent or 
physiologic brightness of this opening, a$ was the ca$e with the other 
opaque reflectorSp was enhanced by induction from the dark green 
coating or backing on the outer surface of the Teflector+ This effect 
is quite noticeable on inspection where a comparison with a reflector 
pre^nting less or no induction is afforded, but does not register in 
the photometer because the surroundings are not included in the 
photometric field. In case of Reflectors I. and II. this induction was 
lessened a great deal by covering the outside of die reflector with a 
closely fitting cap of mat ’ivhite paper* 

Because of the favorable results obtained with these modified 
reflectors, a similar modification of Reflector V, was made by the 
manufacturer for the purpose of reducing the bnlliancy of its open¬ 
ing. In this case the band was made permanent by sand-blasting the 
corrugated glass surface of the reflector. The coefficient of re¬ 
flection of the surface thus prepared was approximately 52 per cent. 
The band was made S in width. %\liilc considerable improve¬ 
ment in the effect on the eye was produced by this modificationp not 
nearly so good results were gotten as in the other case because 
the coefficient of reflection was not sufficiently reduced by the sand 
blasting; and (d) Reflector w^as not deep enough to give the best 
results with this type of modification. The tip of the lamp, for 
exarnple, was visible to the observer in case of four out of the six 
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reflectors in the field of v^ev^^ This reflector is designated in the 
charts as Reflector III. All of the reflectors of this series were in¬ 
stalled on the ceiling pendant in accord with the principles of direct 
lighting. 

It was our wish to conduct this investigation, as has been the 
case in all of our work on the distribution factors, with the color 
value and the intensity of light as nearly equal as po$$ible at the test 
object. Gear tungsten lamps were used with Reflectors I., II, and 
IV,; fulhfrested lamps with Reflectors VL and VIL- and bowh 
frosted lamps with Reflectors III, and V, Clear lamps were used 
in the cases mentioned because in the first place in reflectors of this 
type the lamps wrre not visible to the observer at the point of work; 
and secondly, although the illumination given was high in the aver¬ 
age, the distribution was such as to give a low' illumination at the 
point of work. That is, the tendency of these reflectors, installed at 
the height used in our test room, was to give lanes of light directly 
beneath the two rows of reflectors, shading off to a correspondingly 
low value on cither side. Full frosted lamps w'ere used with Re^ 
fleclors VI, and VII,, because with Reflector VI, a part and with 
Reflector VII^ all of the filament would otherwise have been visible 
to the observer; also the value of the iLlumination at the test object 
would have been much too high a^ compared wflth the other reflectors 
in the series and higher than the values used in previous work, Tn 
case of Reflectors III. and V, both of the above objects, namely, the 
better protection of the eye from the filamenc and the performance 
of the tests wdth tlie illumination values as nearly possible equal 
to thoge obtained with the other reflectors and in previous work, was 
best accomplished by the use of bowl frosted lamps. 

The results of this series of tests are represented in Chart Yll. 
Again in order to ascertain which of the brightness specifications— 
order of magnitude of highest hrilliancy; average hrilliancy; ratio of 
highest to low'esl order of brilliancy; ratio of highest order of bril¬ 
liancy to average brilliancy; ratio of average to lowest hrilliancy; 
ratio of highest order of brilliancy to brightness at point of work 
(brightness of test object and reading page); etc,—correlate most 
closely with the results for the tendency to cause loss of power to 
sustain clear seeing, charts were constructed in which a number of 


46$ 


FERREE AXD RAND—LIGHTING 


these features were plotted against the results of the tests. As com¬ 
pared with the corresponding pharts given for the previous experi¬ 
ments^ these charts show great irregularity unless separate curves 



Chast VIL (Opaque Dire^rt Reflectors Diffennif in lining, EKmensions 
and Design.) Showitva the tendency of the seven typ^s of opaque direct re- 
Hectors to cause loss of power to sustain clear seeing. Loss of power to 
sustain clear seeing before and after work is represented on the ordinate and 
hours of work on the Abscissa. 
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are plotted for the reflectors similar in design. Reasons for the 
irregularity arc, perhaps, (a) the method of specifying brightness* 
We are inclined to believe that if the surfaces of high brilliancy 
which varj' considerably in extent for the series of reflectors se- 
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lecttdj were given in total candlepower instead of candlepower per 
square inch, they and the ratios based on them would correlate more 
closely with the effects on the eye. That iSp it is a well known law 
in physiological optics that an increase in the area of a bright sur¬ 
face functions to a certain exieni as an increase in its brightness, 
The opening of Reflector VII,, for example, which gives the poorest 
results for the eye^ lias a lower intrinsic brightness than has the 
opening of Reflector VL; but a great deal more of it is visible to the 
observerp also a great deal more of the lamp. When the surfaces in 
question differ in area to any very great extent, it is obvious that a 
measurement in candlepower per square inch is not an adequate 
specification when effects on the eye are to be considered. The total 
value in caodlepowcr would be much more representative of the 
comparative power of these surfaces to affect the eye. (b) The 
angle of presentation to the eye. The openings of the different types 
of reflector differed in their distances above the working plane, al^ 
though installed on the ceiling in every case. xAnd (c) the number 
of factors varied. Brightness is not the only one of the distributioii 
factors varied by considerable amounts by the different l^pes of 
reflector. Because of the irregularities shown by these curves, space 
has not been taken to represent them here. 

For all the conditions represented in this and preceding sections 
the w^ork of testing was completed by determining for the different 
types of reflectors the relative tendencies to produce ocular discom¬ 
fort as was noted in our introductory' chapter* Two cases were 
made of this deterniinatiGn“--one with the eye at rest, maintaining 
no particular adjustment, and the other when it was at work. Space 
has not been taken here for a statement of the results of these de¬ 
terminations. They are given in tabular form,* witli a comparison 
in per cent, of the mean error of the determination and the change 
produced by changing the conditions tested, in the references ap¬ 
pended below. In these tables are included also for the sake of com¬ 
parison results expressing the tendency of each type of reflector to 
cause loss of ability to sustain clear seeing* A higli correlation was 

* Tran^^cUons cf the Ithmimitng Stfciely, 1915 , X., pp. 49 ^- 

soo; ms. X., pp. 1I14-1I16; 1914 XL, pp, 1139-iiai; 1917. XTI.p pp. 477 - 479 ^ 

A.MKItp PMfU SeXLj VOL. LVll, FF, SfPT. 24 , l^lS* 
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fmtnd to obtain in each case between the tendency to produce ocular 
discomfort and to cause loss in power to sustain clear seeing. 

As was stated earlier in the paper a marked characteristic of the 
effects produced by the dense and completely opaque direct reflectors 
was the Imv illumitiation of the ceiling and the upper part of the 
room, and the high and in some cases almost glarii^ illumination 
of the floor and objects in the working plane. So far as effects on 
the eye of the kind registered by our tests are concerned, how¬ 
ever, these irregularities of illumination and of the low surface 
brightnesses extraneous to the lamp and reflector seem to be of com¬ 
paratively little consequence so long as the higher brilli^cies of lamp 
and reflector are themselves taken care of. In this senes of experi¬ 
ments, including the translucent direct reflectors, we have had quite 
wide variations in the distribution of illumination, ranging from 
well-illuminated ceilings and comparatively evenly illuminated walls 
and working plane for the direct reflectors of medium density to 
the dark ceilings and upper parts of the room and highly illuminated 
lower half in case of the opaque reflectors. And considering this 
work in connection with the preceding w ork, by means of the opaque 
and translucent reflectors turned both np and down, and reflectors 
of the distributing and focusing types, we have had the greatest 
amount of light first in the upper half of the room, then m the lower 
half, and within limits lanes of light have been produced; still it has 
been possible to get in all of these cases comparatively good effects 
on the eye so long as no excessive brilliancies were introduced into 
the field of view. Table I., for example, has been prepared to show 
the difference in the evenness of the illumination on the working 
plane for Reflector I. of the series of translucent direct r^ 
flectors (designated in the table as Reflector /i) and Reflectors 1 
and IV, of the present series of opaque reflectors; and Oiart \ HI., 
Fig. I, to give a graphic representation of the eye’s ability to sustain 
clear seeing for these reflectors and Reflector L of the present series. 
(The distribution of illumination for Reflector I. was so similar to 
that for Reflector H, that it has been omitted from Table I,). A 
comparison of this table and chart shows the following points. Re¬ 
flector A gives a comparatively even illumination not only of the 
working plane but of the entire room, and Reflectors I, and II. a ver> 



TABLE L 

StlOWL^O A COH^A0JSO^f OF THE EvENNE5£ OF lLLUMI^ATIO!l FOR R-HirLECTOH A ( L OF THE TRANSLUCENT DlHECT SlRtES) 

AND L AND IEh of THE QpAQUE DiRECT SeRIE^, 

RcE3<;ctDr >f givcA n com [vamtivciy even illumin&lipn and UcEleelor 11. a very uneven illurninalion; yet Kcflcctor IT.i 
from which all liigb brllliatiCLes Jiave liecn tlimbatedp gives mudi better reiiuUs for ihq eye, so far as tendency to produce 
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uneven illumination; >iet Reflectors I. and IL^ from whicli all high 
brilliancies hav^ been eliminated, give very mudi better results for 
the eye than Reflector A so far as the power to sustain clear and 
comfortable seeing is concerned ■ and Reflector which gives the 
same general type of distribution of illumination as Reflectors L 
and IL but has not had Ihe brilliancy of its opening cut dovvn^ gives 



FiC, n Showing a comp^arlson of the effects of tmevennesi of illimiina- 
lion and unevenness of surface brightness on the power of the cyt to sustain 
clear seeing for a period of work, Keflectori 1^ IL and IV. give a very uu- 
wen illuminatmn (dark upper walls and ceiling and lanes of light iu the 
working plane); but the brightness of the openings of Reflectors I- and IL 
have been reduced hy Hning Reflector IV^ to a depth of cm, with surfaces 
of low reflection coefficienh 4 PCr cenL and ^8L| per cent, respectively, -4 is 
a translucent reflector giving a comparatively even Illumination of wallsi 
ceiling and working plane. All are installed pendant in accord with the prin- 
ciptes of direct lighting, 

poorer results for the eye.than Reflector A. The results for Re¬ 
flectors I., ir, and IV, were taken from a series in which an attempt 
was made to find the maximum brightness of opening which the eye 
could stand without much loss in pow'er to sustatn clear and com¬ 
fortable seeing with the types of reflector and instaOadoa used. 
The effect on the eye of Reflector I, {coefliicjcnt of reflection of 
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lower edge, 4 per cent.) differs vd^ little. It will be observed, from 
that of Reflector II. (coefficient of reflection of lower edge, 38,5 per 
cent.). .\ny increase of the value of this coefEclent above 38.5 per 
cent, however, caused a much more rapid change in result. 

It may be of interest to append at this point another chart. Chart 
VIII., Fig. 2. In this chan are represented the best results we have 
as yet been able to obtain with the different types of translucent and 



Fic. 2, Showing a comparison of ibe best effeeti we have been able to 
obtain with different types of liithtin^. The irtsunations which have caused 
the least toss in power to sustain clear seeing are the ones which jpve the 
lowest njaxintvim briUEancy in the field of view. 

opaque reflectors installed pendant and Inverted. From this chart 
it will be seen that comparatively good results may be gotten with 
both pendant and inverted reflectors. In general, however, the work 
has shown that the problem of protecting the eye from excessive 
brilliancies and of producing at the same time a satisfactoiy even¬ 
ness of illumination pres«its greater difficulty in case of the pendant 
than in case of the inverted reflectors and has apparently been less 
adequately dealt with thus far in the work of reflector designing. 

IIL Other lifvicsTiGAttoxs Pertaining to the Hvcienic 
EWPLOVMCST OF THE EtE. 

These include the effect of different types of eye-shades under 
different conditions of lighting; the effect of different conditions of 
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lighting on the extrinsic muscles of tite eye; ihc effect of the angle 
al which the light falls on the work; the effect of motion pictures; 
etc. Space can not be taken in this paper for a detailed report of 
these investigations* For convenience of reference a complete bibli- 
ography of the sltidJes published up to the present time is appended 
at the end of the paper. 

IV, OcuLn^R DiscoaffoRT ijc Relation to the Position of 
THE Source of Light ik the Fieu) of View, 

In addition to studying the conditions that give □$ maximal 
visual efficiency or power to sustain clear seeing, it is important also 
to determine ihe lighting conditions and eye factors that cause ocular 
discomfort. Therefore^ in case of each of the lighting situations 
tested for tendency to cause loss in power to sustain clear seeing^ 
we have determined the tendency to produce ocular di scorn fort^ as 
has been noted in the preceding pages. In the work on the lighting 
systems previously described, however, the effect of the angle of 
presentation of Surfaces of high brilliancy (lamp, surfaces and 
openings of rcflcctorj ceiling spots, etc,) on both the power to sus¬ 
tain clear seeing and the tendency to produce ocular discomfort was 
shown through a comparatively small range of variation of angle. 
It was thought advisable to supplement this work by determining 
the effect on the tendency’to produce ocular discomfort for a wider 
range of variation of angle of presentation. For this purpose a 
large perimeter w'as used, along the arm of w'hich the brilliant sur¬ 
face, the effect of which was to be determined, could be moved, A 
variable area of brilliant surface was obtained by mounting on the 
arm of the perimeter a lamp house in the side of which next to the 
observers eye a large iris diaphragm was inserted* The brilliancy 
and color value of this test surface could be varied wdthiti limits to 
suit the needs of the experiment by means of aJiSOrption screens and 
filters. Larger variations of intensity were obtained by means of the 
use of lamps of different ivattagcs* The arm of the perimeter could 
be shifted to any meridian in which it was desired to work and the 
lamp could be moved at wdll along the arm. Working in this way 
It is possible to investigate the effects of many types of distribution 
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of surfact brilliancy in the field of view and many variations of in¬ 
tensity and color value. Of these variations the results of only one 
will be given here, namely, the exposure of the brilliant surface at 
different points in the field of view for one eye when fixation and 
accommodation were taken for a point at a distance of one meter. 

In carrying out the investigation the following precautions were 
observed, (o) It was found better to work in a room moderately 
illuminated by a source of light behind the observer aud entirely con¬ 
cealed from him, rather than in the dark room. The intervals of 
dark adaptation between exposures in the dark room seemed to tnake 
the observer's eye too sensitive for our purpose. This was especially 
true for certain parts of the periphery of the field of view. In be¬ 
coming super sensitive there was a tendency to become erratically 
sensitive. (6) It was found that hlinking serves as a variable factor 
for the relief of discomfort and that the amount of blinking must be 
made constant from test to test. This was accomplished by having 
the observer blink at equal intervals during the exposure, timing 
himself by the stroke of a metronome. The interval most natural 
and suitable for this purpose was determined for each observer sepa- 
ratelv. (c) All comparisons were planned in series. For example, 
if it were desired to compare the sensitivity for the temporal and 
nasal halves of the field of view in a given meridian, the exposure 
was made first at one point in one half and next at the correspond¬ 
ing point in the other half and the order of giving them was changed. 
Tills was to guarantee that the eye should be as nearly in the same 
condition with regard to progressive fatigue, etc., as was possible. 
Further to safeguard against error in this regard, series were com¬ 
pared in which the exposures were repeated in the reverse order, 
(d) An interval of recovery was allowed between exposures. This 
interval had to be determined separately for each observer and often 
had to be made different for the same observer on different days. 
It was never changed, however, during the course of a series, the 
results of which were to be compared. (?) In order that the oh- 
seiwer’s head be held rigidly in position during the exposure, he was 
required to bite an impression of his teeth previously made and 
hardened in wax on a mouthboard. (/) As lias been the case in all 
of this work, care has been exercised in the choice of observers to 
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select only those had already shown a satisfactory degree of 
precision in other work in physiological optics and whose clinic 
record shoived no iincorrected defects of consequence. All were 
under thirty years of age. Before being allowed to take part in the 
actual work the results of which were used in the comparative studv, 
each obser^'er s^as trained to a satisfactory degree of precision in a 
preliminaiy' series of tests w'ith the light exposed at several points 
in the field of view\ In the actual iivork of testing the results w^ere 
compiled from a number of observations and the precision was 
checked up by the size of the mean variation, Ko resnUs were ac¬ 
cepted as significant unless the variation produced by changing the 
position of the source in the field of view was largely in excess of 
the mean variation or mean error for each pcKsition tested, men an 
exposure was to be made, the fixation was taken, the light turned on 
and a record w'as made by the observer on a kymograph of the time 
that was required for just noticeable discomfort to be set upj or, if 
it were desired, when the different stages of di^omfort were reached. 
The judgment was found to present no special difficulty and the 
methotl, when properly applied, to provide a feasible means for com¬ 
paring the sensitivity of the eye to discomfort under all the condi¬ 
tions to which we have been able thus far to extend its application. 

n actual practice the method also brings out an analysis of ocular 
discomfort. 

Ocular discomfort seems to be a complex of three experiences 
each 01 w hich develops at a different time. When the light is turned 
on, we have at once glare. This is a light sensation and though un- 
p easant has no painful elements* Next comes a conjunctival sen¬ 
sation which begins with what is commonly called sandiness'^ and 
swn passed over into a sharp, stinging, stabbing pain. Lastly there is 
w lat is probably a muscular discomfort, a hurting and aching in the 
ball of the eye which* if the expcKiure is continued long enough, seems 
to radiate to the socket and the surrounding regions of the face and 
head, the arch of the brow, the forehead, the temples, etc. 

The comparative determinations were made in 12 meridians of 
the field of view^ from the center to the limit of vision in the given 
meridian at points separated by 15 degrees* Space will be taken here 
only for a general statement of result. In general for all of onr ob- 
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servers, with the eseeption oi two meridtans for one observer, the 
point of maximal sensitivily to discomfort was out of the ecnter of 
the retina; the nasal half of the retina was more sensitive than the 
temporal half and the upper half more sensitive than the lower. 
In passing from the center to the periphery of the retinap the sensi- 
tivit>' is found first to increase and'then to decrease, becoming ex- 
tremely little at the Limits of the field of vision. In the horizontal 
meridians both on the temporal and nasal sides, maximal sensitivity 
is found around and in the region included between in the 

vertical meridians, around and in the region included Ljelween 15° 
and 30** 

V. The Effect of DiFrESENT Illuhinants on tee Power of the 
Eye to Sustain Cleai^ a no Comfoetahle SEEi NC. 

In the work as conducted up to the present time a study has been 
made of the effect on the eye of differences in the way in which the 
light is delivered to it from a given type of LLIuminant. In work now 
in pre^ess^ a series of similar studies is being made of the illuminant 
itself. Different illuminants are being used with the same conditions 
of installation, shading, etc., and a correlation is being made betw^een 
the lighting effects obtained and the power to sustain clear and com¬ 
fortable seeing. As the tests are being conducted, color value i$ the 
only variable present of any magnitude from illnmbant to illuminant. 
The tests so far as completed show that color valuc^ while not exer¬ 
cising so important an influence as improper and inadequate shading 
on the power of the eye to sustain clear and comfortable seeing in 
lighting conditions as W'e have them in curreut practice, is a factor 
that should not be ignored in the work that is being done in the In* 
terests of the conservation of vision^ 

BlBUdcaAFUY. 
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SYMPOSIUM ON FOOD PROBLEMS IN 
RELATION TO THE WAR. 

I. 

» 

PHYSIOLOGICAL EFFECTS OF A PROLONGED REDUC¬ 
TION IN DIET ON TWENTY-FI\rE MEN.» 

By FRANCIS G. BENEDICT. 

Apm! 

I am privileged this afternoon to discuss the subject of food cou- 
servation from a point of view based upon an extcnstve research 
made bi conjndction vath Drs. Walter S- Miles, Paul Roth* and H. 
Monmouth Smith. The details will shortly be published m a mono¬ 
graph by the Carnegie Institution of Washington. 

It is perhaps remarkable that with all the current discussion re* 
garding food conservation so little emphasis has been laid upon the 
possibility of conserving food by reducing the dieti When one 
recalls the agitation of enthusiasts for reduced diets during the past 
thirty years and recognizes the fact that all special, pet theories can, 
at this p^xhological moment, obtain a better hearing than at any 
previous time* it is surprising that the advocates of reduced diet 
have made so little progress and* indeed* have apparently ceased 
their propaganda. 

The popular conception that we eat too much is usually quanti¬ 
tatively expressed by the statement that we eat ** twice as much as 
we ought," The Nutrition Laboratory has for years been endeav¬ 
oring to discover if there exist any special groups of individuals 
who live r^larly upon a diet that would be commensuratcly low. 
For this purpose it was assumed that the minimum or basal metab¬ 
olism must be taken as the index of food requirement. Differences 
in muscular activity are so great that no two individuals can he 

i Fropi the Nunition Laburatorj- of the Instltutiua of Washing¬ 

ton, Boston, Mvss^chii^tts. 
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compared save oa an absolute quiescent, resting basb. After tbe 
metabolism of 200 or more individuals had been carefully meas^ 
ured, it was seen that, although we were dealing with people of 
varying ages, dietetic habits, and supposedly very low metabolism^ 
no such individuals were easily recogniaed in our measurements. 
It would thus appear, offhand, that if there are no individuals other 
than pathological, which present abnormally low basal metabolism 
and if the law of conservation of energy' in the human body otitains, 
as we know it does, then there is no a prion reason for expecting 
that a reduced diet can be permanently adhered to. A reduction in 
diet wilt simply mean that body reserves wdll be drawn, upon until 
death from starvation occurs. 

About a year ago I had the privil^e of lunching with Professor 
Alonao E. Taylor in Philadelphia, when 1 received at first hand in¬ 
formation regarding some of his important observations in German}- 
on the dietetic habits of the German civilian population. While 
there w'as no quantitative measurement of the food intake of these 
people, the fact appeared to be established without doubt that the 
Germans wxre subsisting upon a very low calorie intake and that 
this had endured for so long a time since the beginning of the w-ar 
that It seemed highly probable that the former liberal body reserves 
no longer supplemented the diet. As a result of thb conference a 
previously formed plan was cnstallized into definite action. After 
conference with my colleagues at the Nutrition Laboratory, an ex¬ 
tensive research upon the influence of a prolonged reduction in diet 
on a group of men was outlined. Obviously much profit was de¬ 
rived from the criticisms of the historic research of Professor Chit¬ 
tenden with his group of soldiers. Professor Chittenden's problem 
dealt mainly wdth the nitrogen intake and output, but when the ^n- 
erg}* of the diet comes into discussion, it is clear that the dietetic 
control must be even more rigid and one must, in the last analysis, 
he wholly dependent upon the personal integrity and veracity of the 
subjects. I f a person ate more protein than w^as allow'ed, this would 
show- in the urine. A person could eat considerably more calories 
than actually allowed and yet no direct chemical control could be 
secured. 

Through the kind offices of Professors J, H. McCurdy and 
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Elmer of the InternatiQngLl Y. M. C. A. College at Spring- 

field, Massachusetts, both untisvially interested in metabolism prob¬ 
lems, arrangements were made to select twelve men out of a group 
of volunteers from the student body. The men entered heartily 
into the spirit of the whole research and readily consented to all the 
strict requirements of the test It is a great pleasure to record that 
during the four months of experimenting there was not the slightest 
indication of any of these men wittingly or iinwitlingly violating 
even the strictest regulations of the research. The honor system 
obtains at the College; the men realized that they were in a position 
to do the nation a great service and with the fidelity^ enthusiasm, 
and high ethical spirit exhibited by the whole student body, these 
men went through the arduous four months without a serious com¬ 
plaint. 

The general plan was to curtail the diet sufficiently to reduce 
the weight approximately lo per cent. This could have been done 
by a complete withdrawal of food for about 14 or 15 days. It was 
recoguiaed that these men were, first, college students with obliga¬ 
tions for educational advancement and, second, volunteers for scien¬ 
tific research. A complete fast for 14 days would, in all probabil¬ 
ity, have caused most of them considerable discomfort, if not distress. 
The alternative was to curtail the dietetic intake so that the weight 
loss would take place, not in 14 days, but in 4 to 6 weeks. This was 
done by serving the men approximately one half to two thirds of the 
caloric requirements prior to the dietetic control, making absolutely 
no change in the kinds of foods eaten. The men were cautioned 
not to lessen their mental or physical activities. Obviously if the 
activity of a group of men were lessened as, for instance, by putting 
them to bed, to use an extreme illustralion, their dietetic requirements 
would be very much less. Suffice it to say that these men carried 
out all the requirements of collegiate activity, both physical a.nd in¬ 
tellectual, throughout the entire period. As soon as the reduction 
in weight bad reached 10 per cent, or thereabouts, the calories in the 
intake were increased to such an extent as to hold the weight at a 
constant level. The number of calories required to hold this weight 
constant over a considerable period of time could be taken as a fair 
representation of the actual caloric requirement for this group of 
men. 
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At the start wc «ere confronted witli the possibility of a seasonal 
variation* Thus, if one took a group of twelve active Y. M, C. A. 
Students, at the end of a summer vacation, fresh from summer 
camps with their outdoor acttvties, and placed them in academic halls 
with restricted hours, artificial illumination, and curtailed physical 
activity, it is conceivable that there would he a normal retardation of 
metabolism in the later fall months. To insure a suitable base line, 
therefore, a second group of twelve men from the large number of 
volunteers originally presenting themselves were selected to act as 
a control squad. These men were in every particular studied with 
the same degree of care as Squad A, except that there was no dietetic 
control. 

While body-weight can be taken as an approximate index of the 
metabolic level, further checks were absolutely necessary to rule out 
the inevitable difference in muscubir activity that would be found 
with groups of individuals, even w'ben they were subsisting under 
the same collegiate conditions. The gaseous metabolism was there¬ 
fore measured practically every morning for each one of the first 
squad. These measurements were made by collecting the expired 
air and analyzing it. From the amounts of oxygen consumed and 
carbon dioxide produced the basal heat output could be computed by 
indirect calorimetry, thus furnishing the second index of metabolic 
, le%'el. The pulse rate was recorded simultaneously every morning* 
^Every other Saturday night the entire group of men were taken to 
Boston and placed inside a large respiration chamber, ivhere they 
could steep comfortably. The carbon-dioxide excretion of the 
twelve men was thus determined simultaneously during deep sleep. 
This furnished a third criterion for judging the metabolic level. 

The control squad showed no seasonal variation and their basal 
metabolism, as measured in the large respiration chamber m Boston, 
was found to be absolutely identical with that of the first group of 
twelve men prior to the restriction in diet. To check the important 
findings with the first squad during the early period of the investi¬ 
gation, the second squad was later placed upon a very restricted diet 
for a period of three weeks, the diet given being less than one half 
of their normal requirements. 

For both squads, when on diet, the food for each day was care- 
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fully weigKcd, sampled, and analyzed for the Individual men. It is 
thus possible for us to measure the complete intake of protein and 
calories. The urine was collected throughout the entire time, and 
the feces at frequent inter^'als. It is a tribute to the painstaking 
and conscientious cooperation of these men that throughout the 
entire period of four months the urine was rarely lost We thus 
have complete data for striking a balance betvi'een the nitrogen in 
the food and the nitrogen in urine and feces. 

Advantage was taken of each bi-weekly visit of the separate 
squads to the Laboratory in Boston to put them through 17 psycho- 
physiological tests. Although it was rather difficult to secure much 
evidence of introspection without the danger of suggestion, careful 
records of all the relevant observations on introspection were made. 

The most important scientific findings may be summed up as 
follows: 

1. A gradual reduction in weight to a point per cent, below the 
initial weight took place during a period of from 3 to 10 weeks, 
with low calories and a moderate amount of protein in the food 
intake. The normal demand of tlie men prior to the dietetic altera¬ 
tion ranged from 3.^00 to 3,600 net calories. One squad of 12 men 
subsisted for three weeks on 1,400 net calories without special dis¬ 
turbance. 

2. After the loss in weight of 12 per cent, had been reached, the 
net calories required to maintain this weight averaged about 2,300. - 
or approximately one third less than the original amount required. 

3. At the end of the reduction in ivetght the actual heat output 
during the hours of sleep, as computed by indirect calorimetry, was 
approximately one fourth less than normal, thus giving a rough con¬ 
firmation of the low’ercd number of calorics found by actual meas¬ 
urement of the food intake. That there was no pronounced seasonal 
variation in metabolism was shown by the uniformit)- of the metab¬ 
olic level of the control squad (Squad B), 

4. The heat output by indirect calorimetiy per kilogram of body- 
weight and per square meter of body surface was essentially iS per 
cent- lower than at the b^inning of the study, 

5. Throughout the period of loss in weight and for some time 
subsequent thereto, there was a pronounced loss of body nitn^en. 
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In round numbers these men each lost approximately 150 gram$ of 
nitrogen. There is an intimate relationship beUveen this *^5Vi^plus 
nitrogen” and the metabolic level Removing the surplus nitro- 
gen,” we believe, distinctly lowers the stimulus to cellular activity, 

6. The urine nitrogen per day at the maintenance diet of 2,300 
net calories was about 9 grams. The control group of 12 meo, 
living substantially the same life and eating in the same dining room, 
but with unrestricted dict^ showed a nitrogen output of 16 or 17 
grams per day. 

7. The pulse rate was astonishingly lowered. Many of the men 
show-ed morning pulse rates as low as 33 and daily counts of 32, 31, 
and 30 W'ere obtained; at least one subject gave six dehnite counts 
on one morning of 29, 

8. The blood pressure, both systolic and diastolic, w as distinctly 
low^ered. 

9. The skin temperature, as measured on the surface of the hands 
and forehead, w^as, with some subjects, eonsiderably low^cr than 
normal With most of the men normal temperatures prevailed. 

10. The rectal temperature w as practically normal. 

My colleague. Dr- Walter R. Miles, found as a result of nu- 
merous tests of the neuro-muscular processes that there was no 
striking change as a result of the reduced diet. There was a very 
slight falling off in the strength tests with the hand dynamometer. 

As one of the best indices of nmscular performance niy associate, 
Dr. H. Monmouth Smith, measured the energy required by each 
man to walk 1 mile in about 30 minutes. With a reduced diet, the 
requirement was found to he lower with aU the men than with a 
normal diet, this being due, in part, to the fact that the reduced 
weight meant a lower weight to transport. In other words, these 
men walked a mile with noticeably less energj' consumption than a 
man not subsisting on a reduced diet. 

The subjective impressions were almost uniform that the muscles 
in the thigh were distinctly weakened The men complained of 
difficulty in walking upstairs, but our personal observations go a 
long way toward refuting this, for all the men seemed able to go 
upstairs two steps at a jump on several occasions. On Februarv 
I, 191S, at Springfield, after 4 months on diet, eleven of the diet 
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squad were pitted against eleven men from the cpllegc body in an 
arm-holding contest for endurance. The arms were held extended, 
palms down, at the level of the shoulder. The number of men fall¬ 
ing out were practically the same in both squads j as a matter of fact, 

7 in the diet st|uad and 8 In the uncontrolled squad held their arms 
out for one full hour. 

Two of the men had chronic bad noses. One was operated 
upon during the test and the other should have been. Aside from 
these two, the prevalence of colds during the period was about the 
same as with the other college students. During the study three 
men undenvent ether narcosis for operations (on nose, foot, and 
hemorrhoids) and jnadc rapid recoveries. One man at the lowest 
period of weight contracted what was diagnosed by three physicians 
as tj-phoid fe^er, although the final course of the disease seemed to 
leave the diagnosis somewhat in doubt. He ran through a very 
high fever, and was critically ill for some time, but has made a com¬ 
plete convalcsocnce and recovery and has returned to college. 

The most noticeable dkcomfort experienced by the subjects was 
a feeling of cold, which it is only fair to say might be due in large 
part to the severity of the past winter. In general, notwithstanding 
the very' great reduction in the metabolism, which we believe was 
due to the removal from the body of the stimulus to cellular activity 
of approximately 150 grams of " surplus nitrogen," the whole period 
of lowered food intake had no untoward effect upon the physical or 
mental activities, and the men were able to continue successfully 
their college duties. 

When the second squad was put upon a restricted diet, the pic^ 
ture exhibited by the first squad was strikingly duplicated in all 
details, although' as the loss in weight was obviously not so great 
with the second squad {6 per cent, as compared with 12 per cent.) 
the phenomena were quantitatively somewhat less emphasized. 

At the conclusion of the entire research the men presented an 
appearance not unlike the average college student; it would have 
been difficult to pick them out from the rest of the college body on 
the campus. On close inspection the members of the diet squad 
w'ould perhaps have appeared somewhat emaciated, particularly in 
the face, but they w'ere performing their duties as college students, 

■HOC, AMPJl- Plfll- IOC,, LVllp CCp SETT, 34, 191®- 
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both physically and intellectually, with no obvious reduction in 
stamina. No words can express their exact condition at the end of 
these tests so clearly as a short section of niotion-piclnre film, show¬ 
ing the general agility, spirit, and physical ability of these men. 

The great objection to making practical deductions from labora¬ 
tory experiments is usually lhat such researches are carried out on 
the lower animals^ or if men are studied but one or at the most two 
men are used. With a group of twenty-five menp such as was 
studied in this research, one is justified, if ever, in drawing deduc¬ 
tions or making recommendations. In addition to the fact that we 
have experimental evidence based upon twenty-five men from W'hich 
to draw conclusions, we have also the fact that this is a period of 
stress, a period of innovation, a period for trialp for experimenta¬ 
tion, for **taking chances.if you will. These combined factors 
are based, first, upon the large human experience of enforced diet 
restriction in Germany, second, upon the psychological set of the 
patriot and. third, upon the moral obligation laid upon us all to 
contribute to the vast project of food conservation. We cannot 
tlien be charged with faddism or irrational propaganda if wt are led 
to make certain definite recommendations—recornmendations that 
admittedly we would never make in peace times and that admittedly 
may have serious faults. These recommendations are primarily 
a war measure. In time of peace and plenty, the physician would 
rightly caution against an undue adjustment of the diet or funda¬ 
mental alteration in dietetic habits. Still, W'hcn millions of our allies 
and hundreds of thousands of our o%vn people are jeopardizing their 
very existence, it is not the time to talk about the posrible dangers 
of moderate or even considerable changes in diet. With a large 
number of Individuals it may be of real psychological benefit to 
realize that they may, by personal diet restrictions^ Introduce an 
element of hazard into their lives, slight though it may be. No one 
could look at those vigorous young men^ carrying out (heir college 
w'ork, examinations, and physical activitic$ in competition with their 
classmates, and not be impressed by the fact that the danger if 
exist, must be extremely distant. 

As an Index to the rather remote probability of 
should be reminded that the modern treatment of severe diabetes is 
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essentially founded upon a iouerini^ of tlie basal metabolism. Dr. 
Allen's diabetics* practically wrested from the jaws of death, present 
a remarkable picture. The ctirtailment in diet, with the low stimulus 
to cellular activitjj has certainly in their case been a lifesaving 
benefit. 

A research of this kmd offers almost unlimited field for specu¬ 
lation not only in pure physiolog)' but likewise in its practical appli¬ 
cations to everyday life. We believe it was made with a sufficient 
number of men to rule out the personal ef^uation. Indeed* the in¬ 
dividual picture presented by each man is strikingly uniform with 
the general picture presented of the group. There are no except 
tions. 

I find myself in a novel situation as a public advocate of far- 
reaching dietetic alterations, Recalling my earlier objections to 
Professor Chittenden^s inferences from his expeiimentSp I realize 
that, although abstract science and propaganda are more or less in¬ 
compatible^ in time of stress old beliefs may well be challenged, 
earlier concepts discarded, and conservatism permitted to exercise 
a less restraining influence; hence a public avowal of change in point 
of view and an admission of the errors of earlier judgment are not 
only desirable but absolutely necessary. While still maintaining 
that the published records of Professor Chittenden's experiments 
left the desirability of a propaganda for lower protein and energy 
open to Serious fundamcnlal criticism, 1 am now convinced that his 
data on protein intake justified many of his public statements and 
recommendations. His conjectures regarding calorie needs seem in 
no small part substantiated by the results of this new research. 

Although some of our men were under t^venty-otie years of age, 
the data obtained in our experiments have no bearing on the period 
of growth ; the diet of the growing child should under no circum¬ 
stances be reduced. Xeither are the results applicable to the con- 
ditioits of severe muscular work as, for e.xamp]e, an the army. 
They may, however, legitimately suggest practices for patriotic 
civilians not performing severe muscular work * that these standards 
represent the optimum needs for peace times requires further evi¬ 
dence for substantiation. It is quite clear that a civilian body of 
men could readily' withstand a siege on half rations without difficulty 
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for several monthsi and since danger seems remote, that reduced 
rations ior all adult civilians may be justifiable as a war nicasure 
for a relatively long period of months. Professor Chittenden's con¬ 
clusions from his experiments that a low-protein diet is practicable 
seem fully substantiated; this expensive source of food material 
may thus be materially lowered. The calories may also, without 
doubt:r be lowered^ Indeed, it may become a serious question as to 
whether a patriot should be permitted in Limes of stress to carry 
excess body-weight, for the expense of carrying it around calls for 
calories that other people need. The excess weight is prbtia facb 
evidence that he is living at the highest metabolic levei higher than 
he needs by approximately 25 per cent., and there is no doubt that 
the excess weight contributes to shorten life. 

Certain practical points in connection with a reduction in diet 
are important. Difficulties in the shape of tendency to constipation 
can be easily controlled by the use of bran, as w^as done in our study. 
Bran also provides a certain amount of bulk which helps materially 
in producing a feeling of satiety. It is quite clear that variation 
in diet is absolutely essential. If a person craves a certain artide 
of food* he may eat it, but stick religiously to the '^half portion/'' 
The presence of an unlimited food supply on the table makes self 
denial harder. Of special significance is the importance of not 
earing between meals and of omitting the eating of extras in the 
form of candy, peanuts^ and minor luxuries. It has surprised us 
to find howr Large a proportion of the total diet is made up of these 
extras. Captain Gephart in his study of the food intake of St 
Paufs School, Concord, Xew Hampshire, found that out of a total 
daily intake of 5,000 calories per ho)v 647 calories were derived 
from extras in the form of sweet chocolate, candy, coffee buns, etc. 
With our control squad at Springfield when on normal diet, ap¬ 
proximately 4.000 calorics were consumed daily by each individuaL 
Of this amount about 400 calories were obtained from extras not 
served at the tabic. 

This is no time for the epicure. Every person should be under, 
rather than over weight and it should be popular not to be fat! 
Today every woman as well as man, should maite it a special mis¬ 
sion to see to the physical condition and not carry around excess 
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fat or live nj}Ofi aa abnormally high metabolic kveh By this means 
a great saving of food in this country can be effected to the posi¬ 
tive advantage of health. It is more than probable that with reduc¬ 
tion in flesh, the physical appearance will be somewhat less satisfac¬ 
tory, for admittedly the face may appear somewhat drawn. On the 
other hand, it is absolutely proved that excess weight is distioetly 
disadvantageous to health. People e^-pccially over thirty years of 
age who are over w’cight are notoriously bad insurance risks. Even 
those over weights without demonstrated organic change in early or 
middle life show- very high death rates. Nobody should be over 
weight ; most people should be somewhat under rather than over 
weight. If, when the war is ended, plenty is established and the 
need tor restriction is removed, one Avi sties to go back to the former 
metabolic level, the way is very clear. The palate ivill lead to this 
way very readily. The purse may permit indulgence but the health 
may really be better for a moderate reduction. 

Professors Chittenden and Lusk are now in Europe with the 
essentials of this research in typewritten form in their hands. Cer¬ 
tain recommendations may well be made to our Allies and, indeed, 
to our own non-combatants. We, Avho are far from th'e misery, 
trials, and torments of the battlefield, are asked to restrict our diet 
intake, not only qualitahvdy (which Mr. Hoover and his associates 
have so Avisely educated us to do), but quantitatively. It has been 
a fact, and a noticeable fact, that our most intelligent and best 
American men and women have been eager and anxious to do all 
thev couldt ^ven at this distance, for the sake of the great cause. 
In this land of plenty it is highly improbable that positive measures 
eallLng for actual caloric restrictions will have to be passed, although 
this is by no means an impossibility. Here, as Avith all conservation 
measures, the volunteer is the first to take action. Let no one (par¬ 
ticularly if he be overweight) complacently $ay that he has done 
his share until some positive action for food restriction has been 
taken. Fortunately no special chemical analyses, no calorimetric 
devices, no physiological measurements are essential for the control 
of this factor. One has but to lower the body-weight graduaJly lo 
per cent, and adjust the food eaten to hold it at this level. The re¬ 
duction in Avelght should cover a period of probably two to three 
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months. It could be done in a considerably shorter time. When the 
weight is once lowered, and the calorie intake adjusted to holding 
the weight at that level, the patriot may feel assured that he or she 
b really making some positive contrihution toward food conserva¬ 
tion and making it possible to send liberally to our allies and to 
our own men much-needed supplies^ 

I cannot feel that an alteration in the army diet is justifiable at 
present. It is bad policy "*to swap horses in the middle of the 
stream.** The fighting unit may well be exempted from innovations 
but let the dviltan population give this whole project a thorough, 
honest test, recognising that while there may be, m certain cases, 
an element of hazard and in many cases an element of discomfort, 
the possibilities for danger in accomplishing a weight reduction of 
10 per cent, are negligible. The calories thereby saved are by no 
means negligibiep but with the sum total of our population would 
feed an enormous army. 


II. 


FOOD CONSERVATION FROM THE STANDPOINT OF 
THE CHEMISTRY OF NUTRITION. 

By H. C. SHERMAN. 

(Read April x, jp/S.) 

Without repeating the reasons for the present program of food 
conservation which tends to shift the emphasis of consumption in 
this countr)' toward the more perishable foods in order that a 
larger share of our wheat, meat, fats, and sugar may he saved for 
export to our army and the Allies, let us consider from the stand¬ 
point of the chemistry of nutrition whether such a change in Our 
food habits will involve any sacrifice or rather an improvement in 
the average American dietary. 

Recent research in nutrition puts u$ in position to face such 
problems rvith more confidence than would have been justified even 
a few rears ago. Until verj' recently, students of the chemistry of 
nutrition were in the embarrassing position that rations made up 
by mixing in the purest forms all the substances known to be neces¬ 
sary never proved permanently adequate for the nourishment of ex- 
perimental animals. With the discovery of food hormones or 
vitamines, the correlation of chemical structure and nutritive func¬ 
tion among the proteins, and the fuller investigation of the role of 
the inorganic elements, we now believe that everything needed for 
normal nutrition has been apprehefided and can be reckoned with, 
though in the case of the food hormones or vitamines the chemical 
identification is not yet complete. 

The quantities of the various nutrients which are needed daily 
by the body for its normal nutrition have also been studied, writh 
the result that each “requirement" may be stated in more or less 
definite quantitative terms. Thus the total food requirement (or 
energy requirement) in calories per man per day; the requirement 
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for protein p or for any individual element, in gram$ per man per 
day. Tlie vitamine requirement cannot be stated in terms oi 
actual weight either of “fat-soluble A" or of "^Mvater-solubk B/* 
but the percentages of certain foodSp rich in the one or the other 
or both of these dietary essentiaisp which siiffiee to make an other¬ 
wise satisfactory' diet adequate for normal growth and reproduction 
in laboratory animals have been detemtined for a sufficient number 
of cases to enable us to take account of this factor of food value in 
considering the prominence which should be given to each type of 
food in planning an adequate and economical dieL 

The quantities of nutrients required for normal nutrition as 
determined by laboratory experiments may be compared with the 
average quantities actually consumed in typical American dietaries, 
to find whether our ordinaiy^ food habits ensure us reasonable and 
proportionate margins of safety with reference to each nutritive 
requirement—in other w^ords a diet welt balanced from the stand¬ 
point of our present knowledge of nutritionp the older and simpler 
criteria of balanced diet having now been outgrowm. 

If in addition to such a comparison of actual nutritive require¬ 
ments with the quantities of nutrients furnished in the usual food 
supply^ we take account also of the kinds ajid arnount^ of the in¬ 
dividual articles or types of food and the rcktion which each bears 
to the w^hole amount of food consumed, both as regards its cost 
and its contributioii to each of the elements or factors of food 
value, we shall be able to judge with considerable confidence the 
nutritional significance of such a shifting of food habits as U con¬ 
templated in the program of the Federal Food Administration. 

Most prominent in this program is the saving of wheat 

By people of comfortable income, wheat-saving may be accom¬ 
plished by simple reduction in the amount of bread consumed. 
The bread thus withdrawn from the diet of the w-ell-to-do may or 
may not be replaced by perishable food depending upon w^hether 
or not it is necessary or desirable to keep up the calorie value of 
the diet, and the weight of the body. In either case the ration with 
the reduced allowance of bread will usually be as well balanced 
as before. 

But among those who must consider the cost of their food, the 
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attempt to reduce materially the atnount of bre&d eon&umed will 
often be much more difficult, and to limit the poor to a per capita 
allowance of bread as small as that (o which the wealthy can easily 
limit themselves would involve both hardship and injustice. 

People of low income naturally and properly live more largely 
upon bread* because it usually furnishes more food value in propor¬ 
tion to its c05t than any other prominent article of diet. For this 
reason the saving of wheat in the homes of the many can best be 
effected by teaching them not to eat less bread hut less wheat in 
their bread. 

Because so many of our people must for economic reasons de¬ 
pend so largely upon bread stuffs* it seems of the utmost import¬ 
ance to delermine as conclusively as possible the nutritive effi-' 
ciency of the chief wheat substitutes as compared with wheat itself, 

A study of corn in this respect appeared particularly desirable, 
because it is so much the most important quantitatively of the 
grains which can he substituted for wheat and at the same time the 
one whose equal value AVitli wheat is perhaps the most apt to be 
questioned, especially as regards its digestibility and the nutritive 
efficiency' of its proteins. 

In the experience of our laboratorythe abrupt substitution of a 
large amonnt of corn meal for wheat flour* has sometimes, though 
not necessarily, been follow'ed by slight disturbance or discomfort 
of digestiont but in all cases the com protein has shown essendaUy 
the same efficiency in nutrition as has the protein of w'heat. Such 
unfavorable effects upon appetite or digestion as w'ere attributed to 
have been due to the methods of preparing the com 
products or to the fact that the diet as a whole was too bulky and 
too starchy for the summer w'Cather in W'hich the earlier of our ex¬ 
periments w-ere performed. 

Kot only the lime and temperature of cooking but also the final 
texture of the materiai may be a factor of some importance to its 
digestibility. The porous texture of our ordinary wheat bread 
favors the absorption of large quantittes of saliva as the bread is 

I The cxfjeritnenls with human beings here referred to were all made 
upon healthy adults and relate to requirements for m^ntenance, not for 
growth or reproduction. 
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chewed, while soft or very crumbly corn bread (or corn meal mush) 
may be swallowed without such thorough in salivation, and be les 
readily digested for this reason. By bahing com bread in thm 
scones it is possible to secure thorough and uniform cooking of the 
starch and a final product hard enough to induce thorough mastica¬ 
tion and admixture with saliva before swallowing, ITius prepared 
and eaten, com meal has in our later cxperiinents replaced wheal 
fiour entirely with no detriment whatever to the ease and comfort of 
digestion, even though the com bread was the chief part of the diet. 
Recently we have completed an experiment in which a young 
woman of average weight (56 kilograms), not previously accus¬ 
tomed to any considerable use of corn foods, has substituted such 
com bread for all other bread stuffs and cereals for a month with 
no disturbance whatever of appetite or digestion, and has main¬ 
tained nitrogen equilibrium throughout the month on a diet furnish¬ 
ing only 36 grams of protein daily, of which three fourths was the 
protein of corn meal. Practically one fourth of the total protein 
was furnished by milk and an insignificant amount by apple. Small 
amounts of sugar and of filtered butter fat were used to bring the 
fuel value of the diet up to the energy requirement. The subject 
felt excellently nourished and was ready at the first opportunity to 
begin a similar experiment even with the diet still further restricted 
by omission of the milk. During 16 days on a ration of corn meal, 
apple, butter-fat, and sugar, furnishing only 4 3^ grams of nitrogen 
or 27 grams of protein (equl^-aletit to g^ms for a man of 70 
kilograms) practically all of which was maize protein, the loss of 
body nitrogen was only about one half gram per day. 

It is evident from these experiments that the conclusion of Karl 
Thomas, often quoted on Rubrer's authority, which attributed a 
much lower value to maize protein, was erroneous. In meeting the 
maintenance requirements of adult human nutrition, the protein of 
corn meal has here shown as high an efficiency' as has been reported 
by other investigators for wheat protein or for tbe average protein 
of ordinary mixed diet. The well-established differences of nutri¬ 
tive efficiency among proteins, corresponding to their differences in 
chemical structure, are fully recognized but are more significant for 
grow’th than for maintenance. Moreover we are here discussing 
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the proteins of com as compared with wheat (not as compared 
with milk- proteins which are certainly more efficient in nutrition). 
That potato protein is similarly efficient has 'been shown by Hindhede 
and by Rose and Cooper. Thus the findings of research in the 
chemistry of nutrition indicate that the nutritive value of the diet 
will be fully maintained when com or potato is substituted for wheat. 
■Even if such substituion results in a small diminution of the amount 
of protein consumed, there will still be an ample margin above the 
most liberal estimate of actual nutritive requirements. 

Granted that corn products can be substituted for the corre¬ 
sponding products of wheat to any desired extent without diminu¬ 
tion of food value as determined by carefully controlled experiments 
of a month’s duration, the question may still arise whether the 
results ivould be equally favorable in case the substitution of com 
for wheat were continued much longer and in the case of growing 
as well as full-growm persons. This question cannot well be an¬ 
swered directly by experiments upon human beings—if for no other 
reason than that a research cannot be prolonged indefinitely and 
still be completed in time to be of use in connection with the present 
emergency work of food conservation. But an adequate answer 
appears to be furnished by the investigations of McCollum in w^hich 
laboratory animals (chiefly rats) have been kept on experimental 
diets of wheat or com with the necessary supplements often for 
their lifetime and in many cases for more than one generation. 
Such experiments should bring to light any difi^erences which might 
be conceived to exist in the most elusive factors of food value or 
in the general wholesonicness of the two grains. In recent sum¬ 
maries of the results of such research, McCollum ha$ repeatedly 
stated that wheat and maiae are essentially alike in their dietary 
properties. If this seems surprising in view of the w'ell-known. in¬ 
adequacy of zein when fed as the sole protein of the diet, it should 
be recalled that Osborne and Mendel, to whom the knowledge and 
explanation of this deficiency of zein is so largely due, have also 
shown that the other chief protein of com, maize glutelin, is ade¬ 
quate to meet all protein requirements and to maintain a normal 
rate of growth in the young. They have also shown beautifully that 
zein, while inadequate alone, may yet take the major part In meet- 


496 SYMPOSIUM ON FOOD PROBLEMS 

ing the protein requirements, either of mamtenance or of growth, 
w'hen it is supplemented hy even a small amoimt of milk protein. 

That the supplementing of the grain protein by milk is of greater 
importance during growth than in the mere maintenance of a full- 
grown person is fairly obvious from the fact that in the latter ease 
it is only necessary to maintain an already established equilibrium 
between tissue protein and amino acids. Any of the amino adds 
w'hose radicals are contained in tissue proteins may be expected to 
function in such maintenance, whereas there can be no growth 
unless <iU tlie amino acids represented in tissue proteins and not 
formed in the body are present in suffiicent abundance. 

Even In the case of the full-grown organism persistent use of a 
diet consisting too excItish'Ay of grain products, or seeds of any 
kind, may lead tO unfavorable results, but this is true of wheat as 
well as com and is no objection to the substitution of the one for 
the other. 

Such substitution of com (and presumably of other grains) for 
wheat will leave practically unchanged the nutritional efficiency of 
the diet and the usual margin of safety above actual requirements 
which is characteristic of the average American food supply. 

^\^lat then is this margin in the case of the different factors of 
food value and how will it be affected by the other substitutions 
which the present food situation demands? 

In view of the findings just presented by Dr. Benedict and the 
fact that in most food studies outside of the laboratory it is not 
practicable to make accurate record of the muscular activities of the 
persons concerned, any attempt to estimate the percentage by ivhich 
the total food intake of the average American family exceeds its 
actual food requirement a$ expressed in calories, would necessarily 
involve several assumptions the discussion of w'hich ivould extend 
the present paper beyond its assigned limits, 

In the study of protein requirement the assumptions are fewer 
because muscular activity is here not an appreciable factor, but the 
data of different investigations are less concordant than in the study 
of energy metabolism. The results of a review of the literature of 
protein requirement up to 1917 with an attempt to select the experi¬ 
mental data w'hich are comparable with each other and applicable 
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" to the problem of the amount of protein actually needed for normal 
huinan nutrition have recently been discussed elsewhere.^ The 
average of the "requirements” indicated in the 36 experiments 
which seemed to be applicable under the necessarily somewhat arbi¬ 
trary criteria adopted for the sake of minimizing the personal equa¬ 
tion in selection and interpretation of results, was 49.2 grams (or 
say 50 grams) per man per day^ which agrees almost exactly \vith 
Qiittanden's estimate based chiefly upon the results of his own ex- 
- peri men ts. Thus the net result of all subsequent w'ork up to date 
does not differ materially from Chittenden's findings of a decade 
ago. This may be accepted as the best evidence yet available re¬ 
garding the amount of protein actually required in normal human 
nutrition without entering upon any discussion of the question as to 
how much more than this it is desirable to consume. In other 
words in speaking of the requirement we imply nothing as to the 
best dietary standard for protein. 

As compared with this actual requirement of not over 50 grams, 
the average amount of protein in typical American dietaries^ as 
judged from the 250 studies of families or larger groups the data 
of whose food consumption has been most fully worked out^ is 106 
grams per man per day. The average of typical American dietaries 
thus shows in its protein content a margin of safety of 112 per cent. 

Of the inorganic elements essential to nutrition^ most are be¬ 
lieved to be furnished in abundance by the ordinary' American food 
supply with the table salt commonly added to it, but recent research 
has shown that three of these elements cannot properly be dismissed 
with this assumption. These arc phosphorus, calcium, and iron. 

It is sometimes stated that our knowledge of the amounts of 
these elements required in nutrition is so meager as to make the 
interpretation of dietary data more difficult here than in the case of 
protein. Until recently this was true of all three of these elements 
and it is still true of ironj but the quantitative metabolism of phos¬ 
phorus and calcium has lately been investigated with sufficient thor¬ 
oughness $0 that we now knowr the normal nutritive requirement 
for these elements wdth about the same degree of accuracy as we 
know the protein requirement and can estimate the margin of safety 

^Lecture before the Harvey Society, New York, Jaic 1 % t^lS. 
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in the average dietary and the likelihood of deficiency in individual 
ca$es as well for phosphorus and for cakmm as for protein. 

The phosphonjs “requirement" as indicated hy the results of 
87 experiments averages 0.8S gmm per man per day** and the aver¬ 
age amount in 250 American dietaries was 1.60 grams, a margin of 
Sa per etnL 

The calcium "requirement” indicated by 63 experinients aver¬ 
ages 045 gram,® and the average amount in typical American 
dietaries was 074 gram, a margin of 64 per cent. 

It will be seen that the margin of average consumption above 
the bare requirement 15 less for phosphorus than for protein, and 
narrowest in the case of calcinm, ’ Actual defideitcies in the sense 
of a rate of consumption below^ the average of the bare requirements 
for normal maintenance, are exceedingly rare in the case of protein, 
not so rare in the case of phosphorus, much more frequent in the 
case of calcium. It appears that the American dietary is more often 
deficient in caldum than in any other chemical dement whose 
metabolism has been studied. 

Probably because of the ability to transfer calcium from the 
bones to the soft tissues, the body may continue to lose this element 
for a long time as Forbes and B^le have shown strikingly in the 
case of milch cows. But it does not follow^ that the loss of body 
calcium is to be regarded with indifference. Mendel has written 
regarding his recent experiments that animals may be in excdlent 
nutritive condition in so far as protein is concerned for long periods 
of time while they are still losing calcium from their bones. It then 
happens that suddenly a collapse comes for which there is frequently 
no obvious explanation.” And McCoHuni has found in his studies 
of laboratory^ animals that it is largely because of insuflFicicnt cab 
cium that such animals do not show normal nutrition when kept 
continuously upon rations consisting too exclusively of seeds. Our 
investigations based chiefly upon the chemical analysis of the entire 
intake and output of the human organism, while quite different in 
method, have led to the same view regarding the importance of 
calcium as has been reached by Mendel and by McCollum. 

■ These phosphonis and ealclum " requirements ” arc derived in the same 
manner as die prcueia "" requirement ^ oi 50 graitis per man per day explained 
shuve. 
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American dietarieSp both urban and rural, are more likely to be 
deBcicnt in calcium than in any other individual element because 
they tend to consist too largely of the products of seeds together 
with meatsr fatSp and sugar with too small a proportion of milk and 
vegetables. 

All meats are very poor in calcium; purified fats and sugar are, 
practically devoid of it. On the other hand milk, eggs and green 
vegetables are rich in calcium; other vegetables and fruits contain 
it in fairly liberal amounts. Hence decreased consumption of meats, 
fats and sugar, with increased use of milk, eggSt vegetables and 
fruit will constitute an important improvement in the typical Amer¬ 
ican dietary. 

Derailed study of the data of the 2$o typical American dietaries 
already mentioned shows plainly that as the relative expenditure for 
meat,s, fats, and sugar decreases and that for perishable foods in¬ 
creases the dietaries become more adequate and better balanced as 
regards the various faetors of food value which can be expressed 
in quantitative terms—energ)' value, protein content, and amounts 
and proportions of the various ash constituents or inorganic dements. 

So far as calcium and the other inorganic elements arc them¬ 
selves concerned, they might be supplied in the form of simple min¬ 
eral substances such as calcium phosphate, but in human dietetics it 
is more feasible to teach the use of familiar than of unfamiliar ar¬ 
ticles, and by the use of sufficient milk and vegetables to provide a 
liberal supply of calcium the diet is improved in other respects as 
well. 

The larger use of such perishable foods as milk, vegetables and 
fruit is beneficial in several directions which as yet are not suscept¬ 
ible of quantitative measuremeut—such properties as the promotion 
of growth, and the prevention of neuritis, scurvy and pellagra, 
w^hether the latter be strictly nutritional diseases or not. Such 
benefits are probably due in part to the unidentified essential sub¬ 
stances fat-5oluble A” and "water-soluble B” both of which 
occur abundantly in milk, eggs and many vegetables, and in part to 
those chemical and physical properties of fruit, vegetables and milk 
which are favorable to intestinal hygiene and so protect the body 
from objectionable products of intestinal putrefaction. 
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It has long been known but perhaps no>^er sufEcientIjr emphasised 
that the milch cow' returns for human consumption a much larger 
proportion of the food value of what she oats than does the auiniaJ 
which is raised for slaughter. This is strikingly true not only of 
the previously recognized factors of food value but also^ and appar- 
.ently to an even larger extent^ of the so-called vitamines. These 
are contained in abundance in green leaf fodders such as grass and 
hay. The vitamines thus consumed are stored in the animal tissues 
to only a limited extent, but are transferred in relative abundance 
to the milk. Thus the vitamines of coarse materials not directly 
available as human food are brought into form for man*s use^ very 
efficiently through milk production, very inefficiently through the 
production of meat. Not only is milk the most economical in¬ 
trinsically of the animal foods of farm origin, but of even greater 
interest is the positive demonstration by fully controlled experi¬ 
ments like those of Osborne and Mendel and of McCollum^ that a 
liberal use of milk in the diet is the best safeguard against any 
deficiency' which might possibly arise through restricted choice of 
foods and the safest way to ensure that the consumption of enough 
food to supply the energy needed shall meet all other requirements 
of nutrition as well. 

Thus in bringing a larger share of our com crop directly into 
human consumption and in giving to such perishable foods as milk, 
vegetables and fruit a more prominent place in the diet^ wt shall 
be working toward pemianent improvements in our national food 
economy at the same time that w'e save the wheats meat^ fats and 
sugar which are needed for our armies and the Allies. 

Lasokatoky or Food CHrMisTayj 
CoLUMaiv Univimity^ 

Aprik 191S. 
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SOME ECONOMIC ASPECTS OF THE AJ^IERICAN 
FOOD SUPPLY. 

By J. RUSSELL SMITH, Pk.D, 

(Read 30, iplS.} 

We are at last planning for a long wan Munitions that cannot 
be ready until the spring of 19^0 have been ordered. The food 
supply and Us control by government also need to be put on a per¬ 
manent, a scientific, and a reorganized basis. 

The United States has great food possibilities as follows; 

1, We have enormous resources of unused land m villages, 
towns, suburbs, cities, and on farms and in land yet unreclaimed. 

2, We have enormous resources of labor now represented by 
leisure, by sporty and by industries which are dispensable if winning 
the war is our prime object. These industries might therefore divert 
labor to food production if we should become convinced that an 
emergency exists. 

3, We have an enormously strong position in that at present our 
agriculture has an animal base, namely, that most of the proceeds of 
the x\merican farms and fields go to feed beasts. Much of it can be 
diverted to men if the need arises. 

We should not take loo much comfort from these descriptions of 
food resources. They may have the same significance for an army, 
hungry to-da>v that our tw-enty million yonng or youngish men have 
for an army hard pressed to-day. Both rec|uire months or years to 
become effective. The food resources call for energy^ and intelligence 
if they meet the need. Unfortunately^ the process of putting energy 
and intelligence into the food question must face the troubles that 
arise from democracy. In America everybody can howl. Every 
man and some w^omen can vote, every interest can lobby and hire 
advertising. It can also have friends if not tools in authority. These 

PMOC. AllRR. SOC.. Vdl_ LVII. HH, SEPT, I4, 1911, 

501 


5 t>’J SYMPOSIUM OX FOOD PROBLEMS 

forces that 5way government arii>e from a citizens hip of whom the 
gfreat mass are economic illiterates. This is unfortunate, for gov¬ 
ernment is becoming more and more the application of economics, 
especially in war time, and we as jet have veij^ inefficient reasons of 
determining whether those placed in sitpreme authority liave eco¬ 
nomic knowledge. 

Our chief task with regard to food is to ^save ourselves from oiir 
beasts rnamelj* to shift agriculture from the production of food for 
animals over to the production of food for men. Agriculture^ like 
the other indnstries, responding to tlie law of supply and demand, 
had slowly adjusted itself lo a condition of world trade which, as we 
Well know^j has been suddenly destroyed in such a way as to throw 
iT(H:>n us greatly increased demands for both bread and meal, but 
especially for bread. This means that we must either increase our 
total production or shift our production from one class of goods to 
atiothcr. It is ver>' doubtful if we can hope for a total increase 
in agricultural products^ in consideration of the fact that hundreds 
of thou$ands of people have recently left farm labor for the more 
attractive prices of rnuniiion plants and other city opportunities, and 
offier hundreds of thousands are going off to the arniv^ 

Therefore, we must reduce something. What shall be reduced? 
Since the main products of American farms may be classified nlii- 
tnatcly as fruits and vegetablesj bread stuffs, dairy products, meats, 
and fibers* we must look oi'er the list carefutly and see where we can 
shorten up. Examination of the facts wdll show^ that there is but one 
place. We must have fibers for clothing. We must continue to have 
bread-, more of it rather than less, much more indeed. We must con¬ 
tinue to have fruits and vegetables^ more of them rather than less. 
W e should not attempt to reduce dairy products. It is upon meat 
and meat alone that we have the possibility of shrinking. The 
beasts, the blessed hcasts, by their deaths, can save us. Their bodie^n 
if used for food, fill pur plates once. The grain they would have 
eaten had they lived will fill our plates several times over. 

It is difhcuU to overestimate the importance of the fact that 
American agriculture has an animal base. In China* Japan, and 
parts of India, animals are only one-twcnticch part as numerous in 
proportion to population as they arc here. There man raises food 
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by hand labor and eats it himself. If he misses a crop, there is 
famine, which in those regions has killed more people in the last 
hundred years than even this terrible war has killed. In this country 
we raise a crop^, feed most of it to the beasts. If we have a shortage, 
w'e kill a few of the beasts and eat them and a part of their food. 
Fortunately our animals are in the habit of eating largely of food 
that ive can eat, in which respect our agriculture difTers greatly from 
the agriculture of certain other peoples. For examplep the Arab of 
the desert has a great wealth of beasts, but his camels, goats, sheep, 
and donkeys eat grass, coarse herbs, and bushes which he cannot 
eat, whereas, our animals are grain eaters to the extent of three to 
four billions of busheb a year. Therefore our problem is greatly 
simplified by this precious element of elasticity. 

When W'C start out to shorten our animal supply we cannot do it, 
how^ever, in an indiscriminate w^ay. The horses and muks we must 
have to maintain production and keep the army going. We must 
have the cows for dairy products. We must have the sheep for 
wool and abo mutton. We must keep the hens for their in valuable 
eggs. There rematii but two classes under consideration for the 
possible shrinkages namely, swdne and beef cattle. As between these 
two we have the fact that swine are much more efficient in that they 
return 2 Q.g per cent, of the production value of the food eaten, while 
the steer returns but 14,8 per cmt.^ Therefore it is plain that the 
simplest place to gain bread at the expense of meat is to reduce our 
holdings of beef cattle not only for the reason of their inefficiency^ as 
meat producers when the food they hav^e consumed is considered, 
but also because the food eaten by beef cattle can be taken over by 
the more valuable animals, especially in this particular emergency; 
namely, the cow', the horse, the mule, the sheep, and even the goat. 

It is a misfortune of society that attempts to change any industry 

1 Eckles and Warren, I^iry S. 

On the baits of the grain eaten by thwe animals—“ It may be roughly 
estimated that about 24 per cent of the energy of Is recovered for 

human cansumptidd in pork, about iS per cent in milk and only about j.5 
lycr cent, in beef and muttom In olher words, the farmer who feeds bread 
grains to hla stock is burning up 71 to 97 per cent, of them In order to pro¬ 
duce (or us a smalt residue of roait pig {he should have said meat) and so 
Is dEiniuishing the total stock of human food.”-—“ Roast Pign*^ Science* 

XL VI., 160. 
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whatsoever are bound to affect some citi?en's profits. The most 
fervid oration I have heard since the war began was a cattle dealer 
decrying meatless days, and so far as I know Uncle Sam has done 
nothing to shift the emphasis of meat production except to exhortp 
and some of his exhortations have been strictly pro-German. Many 
efforts^ unofficial and perhaps even official, have been directed toward 
the positively inefficient fine of trj'ing to increase beef tattle instead 
of urging that the male calf should be hustled off to the shambles as 
quickly as possible to make room for his betters. 

Specifically the food tasks of the government, aside from ration¬ 
ing. have been and will be chiefiy three: (i) to increase production 
of meats and fats and to reduce their consumption [ to conseoe 
the supplies on hand, particularly bread stuffs^ (3) to increase pro¬ 
duction of bread stuffs and substitutes. In this work the administra¬ 
tion during the first year has had to face very great difficulties—for 
the first months an entire lack of formal organiaation and the ab¬ 
sence of adequate legislation. In Congress and out, the friends of 
Germany, the friends of the profiteer, the foes of change, and those 
still asleep have fought the rationalizing of our food administration 
and have tried to baffle and hanistring it with meager powers. 
Throughout its career the Food Administration has had to combat 
pro-Germanism of some people^ a lack of patriotism of others^ an 
universal love of w'hat we are used to eating, our ignorance of the 
real situation and our continued action under the feeling that the 
war was still 37O00 miles away^ and finally the difficulties of trade 
readjustment and industrial readjustment where changes have been 
attempted. 

There is every' reason to believe that in the future the govern¬ 
ment will have a different intellectual background because of a stir¬ 
ring, a cotiviction that is resulting from the terrible battles now in 
progress, and from the fact that we are actually at least participating 
in the war itself, though even yet to a very' small extent. 

What changes in food matters do we need as we become inercas- 
ingly resolved to apply ourselves and our resources to the war? 

I. In creasing the Siippiy ^ftd R educing the Cansumptii>n of 
Meats and Fafr.—The government's general policy of lotting meal 
prices alone is excellent. Excellent also is its policy^ of standardizing 
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profits of packing CGnipanie$ and checkingf their profiteerings The 
iTieaE supply has thus had the high price stimulus to production and 
the high price check to consumption. Excellent also, probably, %va3 
the first compulsory increase of agricultural production: namely, the 
prohibition of the sale of hens until the first of May (later amended 
to April 20), although with the high prices of grain it has probably 
resulted in losses to a number of poultry keepers, and they may not 
get caught in that trap again. 

The widespread campaign conducted by many newspapers last 
year about not killing the calf has, above mentioned, been a 
positive injury^ to the country, in so far as it has resulted in the pre^ 
ductlon of the least efficient of our meal producers. '"Kill the bnll 
calf and buy a sow," would have been a far wiser motto. Instead 
of urging tile production of beef cattle, there should be as a war 
measure an annual tax of $io or $15 a year on e\'cry steer for cveiy^ 
year of his life. Pigs, sheep* and goats should be encouraged. Eat¬ 
ing of horse nieat should also be encouragedp and as soon as pos¬ 
sible provision should be made to bring 15,000 or 20,000 line fal 
iivhales per year from Antarctica, where they have now and for 
decades been wasted. Fortunately the experience of many nations 
shows that w'e can get along nicely with half onr meat consumption 
if we have to. 

If. FoQd Conservation .—Real food conservation is rationing. 
The other methods are small imitations. There has been a splendid 
educational campaign conducted urging tis to spare the wheat, the 
meat, the fats, the sugar. To it I have willingly and gladly given 
many days of hard labor without pay. The campaign was a neces¬ 
sity, but r do not believe that so long as conserving remained on a 
voluntary basis, it can be shown to have been accompanied by any 
net saving of food. The intelligent, who because of diat fact are 
nearly always patriotic, have stinted themselves. The great ma¬ 
jority* ’ivho are not intelligent, have, because of high wrar w^ages, 
been able to indulge themselves. Undoubtedly if the facts were all 
in hand, we should see the same thing here as was found in England 
where a similar campaign and similar rise in wages was accom¬ 
panied by actual increase in consumption of staple foods in the early 
period of the war. The campaign for voluntary' rationing had its 
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real results in the education of the people of a democracy so that 
they would stand for the necessities of compulsofj' rationing when 
tt came. It ha& now coniCp and it ivill go sometime after the end of 
the war, protiably not before. 

The actual food saving results for the first months, arCp 1 fear, 
too nearly indicated the action of a certain railroad which in 
April of this year on its dining car hill of fare flamboyantly adver¬ 
tised itself as cooperating with the United States Food Administra- 
tjorip announced that luncheon was a wdieatless meal, and then a few 
lines below' offered for luncheon the following: 

Rye bread and butter, lo cents. 

Graham bread and butter, lo cents^ 

Boston brown bread, 15 eent$, 

Dr>^ or buttered toast, or graham, 15 cents. 

Virginia com muffins, jo cents, 

Mashed potatoes, 20 cents. 

It refused lo sell to any person a second order of Virginia corn 
muffinSp and meanwhile charged 20 cents for a portion of mashed 
potatoes, when It is well known that the potato is the most important 
substitute for wheat and its near equals ty e and barley. Further^ 
more, potatoes were at that moment a drug on the market^ as the 
Food Administration had announced- If that railroad had been sci¬ 
entifically trying to help the Food Administration save w^heat rather 
than indulging in some pious setf-advertistngp it would have sold 
mashed potatoes for 5 cents or at most to cents, and corn bread for 
10 cents, allowing a repeat order, and diarged 20 cents or 35 cents 
for wheat or rye bread, thereby automatically reducing the amount 
sold to a fraction of actual sales. Similar examples could be ad¬ 
duced indefinitely. 

It has also been a great misfortune that the people have been 
unable to secure adequate quantities of substitute cereals at reason¬ 
able prices. A w^ek ago to-day corn flour was quoted to me, four 
blocks from here, at 10 cents a pound, and wheat flour at g cents a 
pound. Til is indicates a deplorable condition in a country short of 
wheal and actually producing more than three times as much com 
as wheal, and with a government that has begun to substitute statute 
law^ for the law of supply and demand. 
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III. Increasing Producthn of Bread Stuff and Bread SubsH- 
iutes.—In the increasing of food production^ the first year of the 
democracy at war and apparently even the second year promise to 
demonstrate democracy’s weak point rather than its Strong point. 
If anything is plain it is that we need an increase of food supplies, 
particularly bread. Yet that part of the democracy that can make 
itsetf most felt in newspapers^ in eSecrionSp in congressional lobbies, 
is the city consumer, and one of the first acts of government vc\th 
regard to the bread supply was to interfere with the law of supply 
and demand by guaranteeing increased home consumption and re¬ 
duced home production. Despite innumerable reports that maxi¬ 
mum price-fixing had been unsatisfactory in Europe, we tried it. 
As one of the first big steps in the United States we reduced the 
maximum price of wheat at a time when more ivheat w^as needed. 
^Vealso fixed a minimum price for the igiS crop lower by a dollar 
than the price prevailing in the .spring of 1917. The American 
farmer quietly but effectively made his answer. The government, 
through the Department of Agriculture, called for planting of 
47,337,000 acres of winter wheat, and it got IJ per cent, less than 
this, or 4:3,170,000, almost exactly the amount sow n in 1914. 

Probably the worst part of this wheat price fixing is that it re¬ 
sulted in a destructive price ratio. The high prices of meat pushed 
the price of com to such a figure that in many parts of the country 
it was cheaper to feed the pigs on wheat and rye than on com, and 
you may depend upon it many of these four-footed brethren got the 
breadstuff. In some pan of Xew York state wheat was 40 to 50 
cents a bushel cheaper than corn. The production of such a condi¬ 
tion by legislation as our Congress brought about, is not to be called 
food conservation. It is food destruction. As an outraged citizen 
I protest against legislation that makes me cat com and makes the 
pig eat wheat. If I were a pro-German I would secretly applaud it. 

What of the future? WTiat steps has our govertiment taken to 
guarantee an abundant supply of bread and bread substitutes? We 
are sitting with undue serenity behind the hope of a normal aver¬ 
age production/' To quote the exact w^ords of a spokesman of the 
federal government, What the world needs from the United States 
in order to get through comfortably next year is 850,000 />cxj 
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bushels of wh^t. An acreage sufficient to produce even more than 
this crop, if w haz^e a n&rmal at eragc f^rodn€tion^ has been and is 
being planted/" This I assert is a positive menace. While I am not 
conversant with the plans of the German high command, I do not 
for a moment believe they have gone into this war leaving any vital 
point so exposed as to be dependent upon a normal average produc¬ 
tion/^ if there is any way of avoiding it. We have abundant ways 
of giving further guarantees of bread substitutes, and we have not 
done so. 

In engineering there is a practice of giving a wide margin of 
safety in building. A structure i^ made five or ten times as strong 
as the normal average load it i$ to carry . The peril that lies in this 
dependence upon a normal average production of wheat is shown 
by an examination of the irregularities of production in our regions 
of surplus. More than any other important crop regions in tlie 
United States our regions of wheat surplus are bounded by the 
perilous bounds of drought or frost. The western limit of the wheat 
border in Kansas is a drought line. The saLme is true in Nebraska* 
in South Dakota, in North Dakota. The same thing is true along 
the whole wide sweep of the southern edge of the West Canada 
w heat count r}', while its northern edge is limited by the uncertain¬ 
ties of Cold waves and of frost. These unpredictable perils explain 
bow Canada has been able to produce in 1914, 161 million bushels* 
37 ^ million bushels* and m 1916, 220 million bushdsr—a 
fluctuation of more than 100 per cenL We have showm ourselves 
capable of fluctuations within twelve months from I1O25 million 
bushels in 1915, to 639 milliort bushels in 1916, and ^ve were unable 
to raise the amount substantially in 1917 (651 million bushek). Ex¬ 
cept as a last refuge of the hard pressed we have no right to depend 
upon '"normal average production” when Minnesota has showm her¬ 
self able to vary her annual yield per acre from 170 to 74 bushels; 
North Dakota from 18.2 to 5.5; South Dakota from 17,1 to 6.8. all 
within the short gap of the same twelve months* 

In the same limit of time Kansas ha5 jumped within recent years 
from IQ.7 to 20,5 bushels per acre. In one season Nebraska has 
plmvcd up 75 per cent, of her winter wheat because it was not worth 
keeping. 
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Hcnv can wc guarantee the bread suppl3r? There is of course 
always corn, which we do not like, and which we have never yet 
eaten ver^^ heavily. The teal substitute established in our kitchen 
habits is the potato, and it is running straight toward min, if we 
depend only upon normal average production. The potato is the 
real substitute tor bread in the American dietary. Properly dried it 
can he quickly made into much niore o£ a substitute, as has long 
been the case in Germany. Professor Laughltn states in his recent 
book on war credit that in the food of the United States the potato 
is hall as important a^s wheat and lye combinetL In France it is an 
equal of both grains^ while in Germany the potato is three to four 
times a$ important as these tw^o bread stuffs. Germany has a real 
potato industrj" on an indtistria] basis. Ours is based on a gamble. 
A bulletin of the United States Department of Agriculture shows 
that the German potato supply is guaranteed at an amount far above 
needs for human food because of industrial uses such as alcohol^ 
starch, stock food. These things have a fairly constant price* so the 
Germans have all the potatoes they want at a price which has fluctu¬ 
ated only 27 cents in a period of five years. Chicago meanwhile had 
a price fluctuation of $i-54 P^^ pushel. It is on the potato that Ger¬ 
many has thus far wort her campaigns. Without it she would have 
perished any year. Our potato is a peril because it is a gamble. We 
have not developed a stable outlet for a surplus crop such as is 
afforded by the German starch, alcohol, flour^ and forage products. 
Accordingly if we have a slight surplus they arc thrown away* the 
market is glutted* as at the present moment* and the farmer is dis- 
couraged. The nes^t year (as at the present moment) he plants a 
light crop and that potato season ends in shortage with high prices 
to stimulate the farmer to plant a large crop, and so om The cycle 
has run with little variation for thirty' years. Last year we had an 
e.\celient demonstration of the scanty end of it. This year even in 
our flour shortage we have an excellent demonstration of the glut 
end of it. Next year, unless there is a failure in all the signs of the 
past* aggravated by the conditions of the war^ we are sailing straight 
into a potato shortage and also the possibility of a flour shortage. 
And the government is doing nothing about the potato question. 

For a year we have needed a potato high minimum guaranteed 
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price jtist as we have for w'heat, for exactly the same reason, so that 
ue might shift the energies of our farmers from producing steer food 
to producing man food. It would take a very small shift, for our 
corn acreage m 1916 was 106 million acres, our wheat 53 million 
acres, our potato area was 3.5 million acres—an insignificant 
proportion, perhaps 3 or 4 per cent, of our possible potato land, but 
enough under ordinary conditioas to glut the market about every 
other-year. Next spring it should be oversupplied again, and the 
government should guarantee it in advance and be prepared to con¬ 
serve the potatoes by drying them. 

The labor supply is a very important part of food production, 
W ashington reports that loo/xn men per month are now going into 
war industries. The draft is taking them faster than that, lluni- 
tions and luxuries cart both pay more than the farmer can. This is 
perilous business. With increased food demands and a government 
that 15 tinkering with the law of supply and demand, food shortage 
may catch us before we knenv it. The government should make 
some application of prophecy to the nation's needs and tendencies 
and fill the most important needs before it is too late. Food disas¬ 
ter IS a real disaster. 

The government that rules us in the near future, will be a gov- 
emnieiit well informed, and having the courage of its convictions. 
The last point will have much to do with deciding what language it 

sp^ J ‘I’® t'. S. government of 1917, with its 

frittering of human energ}-, is gone. Last spring when Congress 
was discussing selective draft, college faculties urged students to 

^’1" go to the farm. Through my oivn personal 

office I deared 418 University of Pennsylvania students for the 
tarm, withm five we^s after the declaration of war. This winter 
late had the humiliation of seeing the food consumed by the mafc- 
ers ot ch^jng gum, high-heeled shoes, limousines, and other prod- 
timi to rank is of more importance than educa- 

ITie pv'crntiietit is now formally asking, through the Depart- 
mcnt of Labor, tor boys to leave school and go to fam work It is 
an excellent prijwiple the selecUve draft idea applied to human time 
Drop your books and take up hoe, But wliat about the high' 
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heeled shoe, the limousme. and the gum—should they outrank both 
education and food? It would seem that at the present moment 
they do, for officially the government has called for the college stu¬ 
dent and not for the gum maker. 

We have an extensive reserve of skilled agricultural labor, the 
many, many thousands of farmers’ sons and farm hands who have 
gone forth from the farm and who will go back, temporarily at least, 
if the pay is good enough. 

Labor Cannot be drafted in the United States as easily as a sol¬ 
dier can be drafted. It can be inspired some, and for a safe dc’ 
pen deuce it can be paid. That is the practice in producing muni¬ 
tions and clothes. Food production is no exception. 

In conclusion and summar}', the proper utiKzatbn of our food 
resources durittg this war requires at the hand of government; 

1. Price regulation to stop undue profiteering. 

2 . Price guaranteeing of bread and bread substitutes at such figures 

and such relative figures as to assure an abundant supply of 
the same at the expense of beef and other meat if necessary, 
but not at the expense of dairy' products. 

3. Alaterial aid (other than talk) in the manufacture and distribu¬ 

tion at reaMJiiahle prices of wheat substitutes if it is necessary 
for the people to use them. 

4. Creation of new labor supply for the farm, by 

a. Young men under draft age, 

5 , Women, 

c. Workers drawn from less vital industries. 

5. Deportation of all idlers, whether they use an old tomato can or 

12 cylinders. 

5 . The building up as soon as possible of a w-ar pantry of surplus 
breadstuffs of at least 200,000 bushels. 

7. Development of local supplies ivherever conditions arc favorable. 

Tims war gardens, canning dubs, dry ing clubs, curb markets, 
local storages, etc., will do much to simplify the railroad 
burden. 

8. Drastic simplification of distribution by climiflattng waste motion 

of which we now have an almost unbelievable amount. 
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9> We need to h^ve the^ things done as England manages her com* 
merce, “by a board of competent experts free to administer a 
law with sweeping powers. As it is now, it is done fcy elective 
congressmen not always above the suspicion of economic illit* 
eracy and of representing a district rather than the United 
States, Congress is no more capable of setting the price of 
wheat by statute than it is of fixing a railroad rate* The 
Interstate Commerce Commission and the War Industries 
Board are good examples for Congress in the conduct of otir 
food policy. 
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ON THE NUMBER OF SPIRAL NEBUIJE. 


Br HEBER a CURTIS, 

(Read AprU 20, 

The probable total number of the spiral nebube b a matter of 
considerable importance in all theories bearing on the constitution 
of these objects and their place in the sidereal plan. Prior to the 
introduction of photographic methods fewer than ten thousand 
nebulx were known. One of the first results deduced by Director 
Keeler from the program of nebular photographyj which he inaugu¬ 
rated with the Crosslcy Reflectorp wa$ that there exist many thou¬ 
sand very small^ uncataJogued nebute, the great majori^' of which 
are undoubtedly spirals, Elarly in the course of this program, and 
before photographs of many regions were availabiep he estimated 
that there were at least r^OpOOO small spirals, and regarded this esti¬ 
mate as a very conservative one.^ On completing the original 
Keeler program Perrine* came to the conclusion, from counts of 
small nebulae made on fifty-seven of the one hundred and four 
regions of that programp that at least 50 O/xx> small nebnliE were 
within reach of the Crossley reflector, and deemed it not improbable 
that the total might ultimately exceed lpOOO,OoO. Later, Fathp* 
working with the 6o-inch Reflector at Mt. Wilson, took a series of 
139 plates at the centers of die Kapteyn areas p on ivhlch 1,031 
nebulse ivere recorded, and estimated that the number wuthin reach 
of the 6o-inch Reflector with exposures of one hour on Lumiere 
Sigma plates (an approximate equivalent to the exposures of the 
Crossley program) w'as 162,000. 

The great numbers of small spirals found on nearly all plates 
of regions distant from the Milky Way long since kd me to the 
belief tliat Ferrine's estimate of half a million was likely to be Linder^ 

M/. lour., IT, 1500, and Fmbt. Lick B. 

a Lkk Obs. Bull, 3, 47. 

tAjfK iour., aa, 75, 19^^ 
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rather than m excess of, the truth. The extent of the existing 
photographic material now makes possible and useful ^ new deter- 
minatton of the numher of the spiral nebulse. Descriptions of 762 
nebula and clusters are being' published in a University of Califor¬ 
nia semiis:entennial volume, and, in preparing this paper, I have 
made counts of the numbers of small nebulse occur ring on all the 
available regions of the complete Crossley program covered by the 
above list, extending from 1S9S, when systematic work wa^ com¬ 
menced at ^It. Hamilton with this instrument, to February i, ipiS, 

In all, 439 regions were aviiilable for these counts, giving a total 
of 5,698 small, untatalogued nebulae. To these must be added the 
513 Spirals described in the list, making the total number of all 
nebula found in all the regions 6,211, In the belief that practically 
all these small nebulae arc spirals, 1 have designedly omitted the dif¬ 
fuse nebulosities and the planetartcs. 

The exposed area of a Crossley plate is about nine tenths of a 
square degree: the edges and corners of this area are, however, so 
poorly defined, owing to the distance from the optical axis, that 
only the brighter of the small nebulae can be picked up in these outer 
parts of the plate. The greater proportion of the small nebulse are 
found in the more central parts having an area of six tenths of a 
square degree, or less. 1 have assumed 075 of a square degree as 
the average effeclh^e area on which the counts were made; this is 
certainly somewhat in excess, but is an error on the conservative side. 

We shall first assume that these 439 regions are sufficiently uni¬ 
form in their distribution to be taken as a fair representation of the 
whole sky; their area will be 329.25 square degrees. If the propor¬ 
tion shown by these regions holds over the entire skyp w e should ex¬ 
pect the number of the spiral nebulae to be 778,000. A plot of the 
regions show's that their distribution may well be regarded as an 
approximately uniform one. There is, it Is true, a marked concen¬ 
tration of regions in the vicinity of the north galactic polc^ but this 
would appear to be balanced by a simitar preponderance of regions 
in the Milky Waybetw'een 17 and 20 hours of right aseension (see 
Fig. i). If we divide the celestial sphere into tvi'O equal areas^ one 
consisting of a zone 60® wide extending for 30* on each side 0! the 
galactic plane, and the other comprising the two zones of 60* radius 
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about the two galactic poles, we shall find that 217 regions, or 494 
per cent., are located in the first, or galactic arra, and 222 regions, 
or 50.6 per cent., in the polar areas. The balance in the distribution 
of the regions in the galactic and extra*galactic zones is, then, 
nearly perfect. 

On the other hand, hearing in mind the well-known concentration 
of the spiral ncbnlae in the vicinity of the north galactic pole, and 



Ftc. I. Clwrl sfiowias distribution of regions on which small nebulae were 

counted. 


the tact that the present program deals primarily with the regions 
containing spirals, it is necessary to investigate further any possible 
effect which a concentration of felons near the north galactic pole 
might have upon the resulting estimate. This obicction was urged 
by Path (loc, cit.) in explanation of the difference between his esti¬ 
mate of 162,000 and the 5004x10 of Perrine. He found, on plotting 
Perrinc’s regions, that 33 per cent, of these were within 45 ®^ of the 
north galactic pole, while less than 20 per cent, of the Kapteyn areas 
were within this distance. In the present program I find that 117 
regions, or 26 per cent, of the regions which I have used, arc situ¬ 
ated ivithin 45" of the north gabctlc pole, in an area amounting to 
but 14.6 per cent, of the sky, and these 117 regions contain 2,997 
spirals, or about 48 per cent, of the whole. 

To avoid the effect of this concentration in the north polar galac¬ 
tic area, it will be advisable to subdivide the material available. We 
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may divide the celestial sphere into four areas, two of which will be 
the zones of 45“ radius about the two galactic poles; a third area 
will comprise the two zones, each 15® in width, extending from 
■ 30“ to —45® and from +30" to +45' galactic latitude, and the 
fourth will be the zone 60" wide extending from-—30“ to +30® 
galactic latitude. The results are indicated in the following short 
table: 


CilaCEkr 

No. 

iRfigloHi, 


1 Ko. 

' SpCfnOi. 

Nc. □O' 

' Sfl, Ptar. 

No. b 
Arcm. 

+ 45-^ to -t" 9 ^'* ... 

- 45 ^ to “ . . ,. .. 

± 30-^ to ± .. ,. . 

— 30^ tc + JO®. .. 

' II7 

4 J 

bi 

217 

fis.jo 

32 .J 5 

4^.50 

^63.73 

a.SP 7 

gia 

1.117 

urs) 

34 

2S 

34 

7 

2D5HCriXI 

160,000 

204,000 

144-000 

Tcta^r... 



I 

1 





1 

733.000 


It will he seen from the above that there is a concentration of 
the smaller nebulK in the vicinity of the north galactic pole similar 
to that which obtains among the larger, visually discovered, spirals, 
and that the densit) about the south galactic pole is somew'hat less 
marked. The data given in the third line of the table are of special 
interest, showing that the small spirals persist to a distance of at 
least 60 from the galactic poles, with only a slight diminution in 
the degree of density which obtains in the polar areas. 

As this revised estimate, 722,000. is equal to tliat of Path plus 
that of Pcrrine, with several thousand to spare, a discussion of the 
possible reasons for the discrepancy becomes imperative. The fol¬ 
lowing points may be considered: 

A. It may be urged that my count has not been sufficiently con¬ 
servative, and that I have possibly included many spurious objects. 
The detection of the faintest and smallest nebulse is very largely a 
matter of experience, and all who have worked with photographic 
plates soon Icam, by hard necessity, to recognize the average flaw 
at a glance. A vciy large proportion of the objects are unmistak¬ 
ably nebuls. As to the faintest nebul®, it is astonishing how faint 
and small arc the nebulae which two ■‘clean" duplicate plates will 
reproduce. For a large proportion of my regions no duplicate plates 
exist, and I have been necessarily guided by the experience derived 


























CURTIS—NUMBER OF SPllL^L NEBUL-^ 


517 


from regions tak^ri in duplicate. I am unwilling at present to admit 
that as many as five per cent, of the nebulse counted by me are 
spurious. Even if twenty per cent, were spurious, we should still 
have to account for over half a tnilHon nehulse. 

The theory may be advanced that the small spirals occur jn 
greatest profusion in the regions contiguous to the larger members 
of the dass^ which might explain why fewer nebulse w^ere found by 
Path. His plates were taken at the centers of the Kapteyn areas 
W'here tlie larger nebula! would he included only by ch^cep whereas^ 
from the purpose of the Crossley nebular program, nearly all the 
plates have some N. G. C. object central. This point is difficult to 
prove or disprove without a special investigation comprising many 
plates taken at random in the galactic north polar region. It is 
certain that the small spirals frequently show a gregarious; tendency; 
sometimes one half of a plate will record many small spirals while 
the other half records very few. Tlie greatest number of nebulse 
found on a single plate was 304 (checked by a duplicate plate) in 
the region of 12** 53“^ + sS* 30' ( shown in Fig, 2) ; the region about 
N. G. C. 4826, less than 7* distant from this^ shows but 2. While 
the small nebulae are evidently quite irregular in their distribution, 
it would seem that the large number of regions included in this 
discussion is sufficient to afford a true represemation of their average 
frequency^ 

C Sharp focus and perfect images are essential for the detec¬ 
tion of the smallest and faintest spirals. On plates tvhere large num¬ 
bers of small nebulas are found, the majority are, as a rule, delected 
in the area 20" in radius about the optical axis as center, comprising 
only 0.35 of a square degree. At a distance of 30' from the optical 
axis the parabolic images arc very poor* and only the brighter of 
the small nebula can be detected in these regions, the faintest nebula 
being obliterated by the blurring and spreading of the image. Dr. 
Path used very large plates, 6}4 XS)^ inches in size, in his work 
on the number of the small nebuke, with the 6o-Lnch reflector, and 
it appears that he used almost this full area, inasmuch as he states 
that the used area of his plates was i„SS square degrees. As the 
full area of the Crosstey plate is 09 square degrees (and the outer 
portions of this are so poor because of the parabolic distortions that 
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the effective area used in my counts is believed to bt less than 0*75 
s<|uare degrees) this would mean, if the two reflectors were of the 
same focal length, that the images on one half of the angular area 
of the large plates used by Path were worse tlian those in the re¬ 
jected edge strips o-f the Crossley plates.' But the greater focal 



ratio of the 60-inch would increa-se this disadvantage, even allowing 
for certain advantages which might partially counterbalance this 
due to the greater linear scale of the plates. The following com- 
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parisotis of the aberrations of the image of an infinitely distant object 
in the focal plane of a single^ perfect, parabolic mirror, as calculated 
from Schwarzschild's formulxi?^ for the Crossley and the 6o-tnch 
refiectors, will illustrate this point. 


The Cbossley Rm^Ectcn; Focal Ratio= 1:5.8. 

OLH. OpEboi A:iu. 
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(corner of ipl^tc) 
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From my own experience in counting these minute objects on the 
Crossley plates it would appear to me that the actual effective area 
used by Farh must have been very much less than the i.SS square 
degrees assumed by him in his calculations/ It is my opinion also 
that the I.umicrc Sigma plates which he used are not the best for 
the end in view* These plates are of very great speed, and are in¬ 
valuable for some purposes. I have long since ceased to use them 
for nebular work, however, believing that the slightly slower, hut 
beau El fully '"clean"' Seed 27 and Seed 23 plates really show the 
faintest details better. With the smaller grain and clear background 
existing In the Seed plates, vety^ small and faint nebul.® ■' stand out ” 
much more plainly than on the more rapid Sigma plates. 

O. It is not impossible that a considerable proportion of the 
thirty or so plates w’^hich Path took within 45" of the north galactic 
pole happened to strike regions of comparatively few small nebuise. 
Had he chanced to include four such regions as the following: 

^ UrtteritichuFiRen sur geometriachea Optik.'' Abh^ Kon. Ccs. d. tViss, 
KL, N. F., 4. i, 2, and 3, 

^ Since the eompUtiofi ui the manuscript of this paper Dr. Fath has pub- 
lijihcd a note on “ The Prababk Number of Nebulae" in A. 7^ March li, 
in answer to 1 letter in which Dr. Perrine had called his attcniion to 
the large angular area and the incTcased parabolic dls-tortions m the outer 
paitfl of the plates as a factor In the snialkr estimate made by Dr. Fath^ Dr. 
Path finds, by taking the counts found-from the area.^; 40' gi^uare in the center 
of the Mt- VVtlson plates, that [here is a marked increase m the number of 
nehislse found, amounting to about 6o per cent., and iticrea^ngf tits earlier etti- 
maie to 2634WO. 
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his estimale would have been increased by at least 6o per cent, (he 
found S64 new nebiilie in all, and the larger plates he used would 
have added a nnraber to those counted on the Ctossley plates)» 

Perhaps all the reasons outlined above may be regarded as con¬ 
tributing to art explanation of the difFerence between Path's estimate 
of 162,000, and the larger ones due to Perrine and the present in¬ 
vestigation* Of these, the possibility noted under (^)p that the small 
nebulx may conceivably occur in greatest profusion contiguons to 
the visually discovered obpects of the N. G. C., would appear to be 
the only reason for changing the larger estimates« and this evidence 
IS only to be secured by taking many additional plates at random. 

In conclusion, I see no reason, at present existing, for changing 
the estimate made in this paper^ that at least 700^000 small spirals 
are within reach of large reflecting telescopes. Because of the fact 
that the faintest and smallest members of the class are^ in general, 
discernible only in the more central regions of the plate, 1 am in¬ 
clined to regard the figure given above as, if anything, an under¬ 
estimate, and consider it very probable that the total number access¬ 
ible may well exceed one million. 






THE NAYADES (FRESHWATER MUSSELS) OF THE 
UPPER TENNESSEE DRAJNAGK WITH NOTES 
ON SYNONYMY AND DISTRIBUTION, 


By A, E. ORTMANN, Ph.D, Sc.D. 

{Retti April 19 , 

The present enumeration of the mussels 01 the upper Tennessee 
is the result of the writer 5 work earried on in this region since 1912, 
under the auspices of the Carnegie .Museum of Pittsburgh, Dr, W. 
J, Holland, director. 

It is intended, herein, to give a complete synopsis of this fauna, 
using the modem system, and the accepted rules of nomenclature, 
together with a full synonymy of the various forms, as far as ft has 
been firmly established. Much stress lias been laid upon the facts 
of the geographical distribution, because it has become evidem that 
not all of the species are uniformly distributed in this area. 

The latter includes all of the upper Tennessee drainage from 
Chattanoc^a, Tenn., upward, comprising largely eastern Tennessee, 
a small section of northern Georgia, and parts of North Carolina 
(in the high mountains), and southwestern N'irginia. It appears 
that the Walden Gorge of the Tennessee River, below Chattanooga, 
forms some kind of a barrier to Nayad distribution, at least for cer¬ 
tain species; at any rate, it forms a natural division within the Ten¬ 
nessee system. Of course, not all parts of this drainage have been 
investigated by myself; but collections have been made in all of the 
more important streams; and, together with the records obtained 
from other sources, it is believed that this fauna is now rather com¬ 
pletely known. 

The region in question is known as one of the chief centers of 
Nayad development, and may be called the most prolific section of 
the world in this particular group. Many of the species described 
by the older authors (Conrad, Lea, and others) origmaUv came 
from this region. But no synopsis of the whole fauna has been pub- 
lished, except the attempt made by Lewis (tSyi and 1872). 
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In tJiis connection it should be noted that Lcwis*s Holston 
River'' actually is the Tennessee River Mow Knoxville (chiefly in 
the region of Concord). Indeed, even at present, the natives in Con¬ 
cord call the river tliere " Holstoti”; but the maps of the U. 5 . Geo¬ 
logical Survey ^vc the name Tennessee to the river below the junc¬ 
tion of the I-Iolston (proper) and French Broad. In Knoxville the 
river is called Tennessee. 

Aside from Lewis's paper, only a few are at hand whkli con¬ 
tribute to the fauna of this region. One of them h^s been published 
by Pilsbry and Rhoads This Is, however, by no means a 

synopsis, containing hardly half of the forms which are found here. 
But on account of the good locality-records it is very valuable ; in 
fact, it is, up to the present time, the most accurate publication in 
this respect. And further, lAVO preliminary^ papers have been pub¬ 
lished, based upon my own collections; one by myself (Orlmann, 
19135), the other hy Goodrich (1913). These, however, treat only 
of the headwateE-s-region of Powell, Clinch, and Holston in Virginia. 

In addition to ihe mate rial collected by myself, I have examined 
the tipi^r Tennessee shells in the collection of Mr. B. Walker in De¬ 
troit, and I want to express to Mr, V'alker my best thanks for the 
privilege of examining his shells, and the delightful days I spent in 
his home in April, 1916. ilr. Walker has a great number of shells 
from this region obtained from older collections, tvhich ui part are 
cqtypes^ topotypes^ or other authentic materia!. But the greatest 
treasure in hts collection are the Nayades collected by Professor Dr* 
C. C. Adams in 1S99 to 1901, in the course of his ivork on /<J, be¬ 
cause Professor Adams always was very' careful In recording his 
local! lies. 

A large number of the species described by Lea (generally 
from very insufficient material), and of those listed by Lewis, are 
synonjTns* Additional species have been subsequently described by 
various authors j but also these are mostly synonyms. There is a 
rule, obseired in many cases, and indicated first by Wilson & Clark, 
''14, that one and the same shell assumes different shapes in the large 
rivers and in small streams and headwaters, a rule the existence of 
which will be shown elsewhere; and it is easily understood why the 
various local races have been regarded as good species, as long as 
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the intcfgrades were not known. But ihe discovery of the latter" 
and this was one of the problems to which I directed my attention— 
has necessitated the cancellation of a great number of tiiese nominal 
species. Nevertheless, the fauna still remains remarkably rich, 
which surely in a large part is due to the comparatively old age of 
this river system, to the diversity of its character, and also to certain 
changes of the'drainage which have taken place in the geological 
past. 

In the following pages, the corrccl names of the various forms 
arc given, ctmforming to the systematic arrangement published by 
the writer (Ortmann, 1910, lUiafr), and conforming with the rules 
of priority. It should be remarked, that of practically all Teniiessee' 
forms the anatomy has been investigated, but has not yet been pub¬ 
lished of all of them: the description of the rest will appear in due 
time. The two great papers of Simpson (tgoo and 1914) taken 
as a basis, and the quotations are from the last paper, so that it can 
be easily seen, where changes iti nomenclature have been introduced. 
Also the names used by Lewis, those used by Filsbry and Rhoads, by 
myself and Goodrich are given, in order to facilitate comparison 
with our list. The synonyms are all quoted unless they have been 
recognized and accepted as such by Simpson j but other references 
have been largely omitted, for the reason that they generally are 
found in Simpson's paper. 

No full descriptions of the forms are given, but frequently tlie 
chief characters are briefly indicated. 

The extralimhal distribution has not been given in detail. Here 
and there it has been referred to, but only in especially interesting 
cases. In this respect, much work remains to be done, and in many 
North American Naygdes the exact boundaries of the distribution 
have not yet been exactly located. 

The material, upon w’hich the present paper is founded, has been 
deposited in the Carnegie Museum of Pittsburgh, and comes chiefly 
from the collections made by myself; a very small part has come 
from otlier sources. The Carnegie Museum is in possession of the 
old collections of Hartman, Holland, and Juny, and a more recent 
collection has been bought from H. H, Smith. In addition, the 
museum U indebted to Messrs. Frierson and Walker for occasional 
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exchanges of rare forms. As has heen menlioned above, al&a Walk- 
er's collection has been examined^ and incidentally some of the ma¬ 
terial of the U, S. National Museum, in Washington, diiefly some 
of Lea's types, has been studied. 

It is believed that the Carnegie Muieum possesses now the best 
collection representing the Upper Tennessee fauna, and with regard 
to the iliuslralion of the distribution of the various forms, it has no 
equal, not to speak of the fine collection o! soft parts. In view of 
the gradual, slow but steady, deterioration of the fauna in conse¬ 
quence of stream-pollution, there is great danger that the fauna Avill 
largely become destroyed, and that it will be impossible, in the future, 
to duplicate <his collection. .At the present time, conditions are fair, 
in some parts splendid; but there are already polluted streams, in 
which the fauna is gone. Such are: the Powell River, for a certain 
distance belovr Big Stone Gap, Va. (wood extracting plant) ^ the 
North Fork Holston for a distance below Sakville, Va. (salt and 
plaster of Paris industries); French Broad River at xAsheville^ N. 
Car. (pollution comes—as I have been informed—from Davidson 
River, farther up) ; Big Pigeon River, from Canton, N. Car.^ all the 
way down (woodpulp and paper mill) ; Tellico River below Tcllico 
Plains, Tenn. (old wood pulp and extracting mill). The building 
of dams (for water power, etc., for instance in Nolichucky River 
near Greenville, Tenn.) also has a deteriorating effect upon mussel 
life, and all this surely will increase in the future. 

Bl&UOClUiPHY, 

Aside from tlie well-known otcler papers of Lamarck^ Say, Rafinesque, 
Conrad, Call, and others, the fdUowmg have been principally used in the 
preparation of this paper. 

Frierson, L. S- 

1911. Retnarks on Unh paritasus. cicalrtcojus and Onxfi tamp^rius new 
spctiei. Nautilus, ^5. 1^14 PP- 5^-54 

1914^3. Remarks on Classification of the On Ion ids. Nautilu Sj, 28, 19I4, 

pp. 

1914IJ. Obscrvatipiii on the Genus Sywiphynoia. Nautilus, s8, I9t4, p. 40. 
Goodrich. C- 

1913. Spring CoTleciIng in Northwestern Vlrgiiiia. Nautilus, 27, 1913, 
pp, 61, Bst 91^5- 
Hinkley, A. A. 

Some Shells of Mississippi ajid Alabama. UtiiouiiUe. Nautilus, 
3 (K Jpod, pp. 53-5S 
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1832-1874, Observations on the Genus Unto. Vol. 1-13^ 183^-1874. 

Lewis, J+ ^ L 1 

On the Shells of the Holston River. Americ. Joum. ConenoL. Or 

1871, pp. 21(3-219, 

Sliellfi of Tennessee, No. % Froc. Acad. Philadelphia, i8?3p PE^ 
108-114. 

Ortmann, A. Ev . 

igio. A New System of the UnioniiJa:^ Nautilus, 23, 1910, pp. ii^-jaa 
iQMo. The Anaiomical Structure of Certain Exolk Najadc$^ Nandlui, 
£4, igii, pp. iOJ-loS; 114-130; 127-131. 

1911b. A Monograph of the Najades of Pennsylvania. Mem. Came|:ic 
Mus-, 4. I 9 ii> PP- 57 ^ 1 ^ 84 ?^ 

1912a, CiiPPiberJCTPtd*a^ a New Genus ol Najades. NaudluSi 26, 19^ PP* 


I9l2ip, Notes upon the Families and Genera o( the Najadcs, Ann. Car- 
neg^ie Mua., S, 1912, pp, 222-361, 

t 9 i 3 ci"l 9 i 5 - Studies in Najades. Nautilus, 27. 19 ^ 3 * PP- 88-91 i 28^ I 9 i 4 i 
pp, 28-34; PP- 41-471 PP- 55 “< 59 ; iplS. PP^ io 6 -io 3 ; pp. i 4 t”i 4 J; 

29,191 pp- 53^7, 

1913&. The Alleghenian Divide and Its Induence upon the Freshwater 
Fauna. Proe. Atncr. Philos- Socl, 1913, pp, 310, 311- 
19161 The Anatoiuy of Lenthx (Raf.). Nautilus, 30^ l&i^, pp- 


1917. A New T^-pfr of the Nayad-Genus Farcipuaiu. Group 01 F. var- 
Lea- Nautilus, 31, 1917, pp. 38-04. 

Filsbry^ H. A., and Rhoads, S. N. 

1S96. Contributions to the Zoolog^^ ol Tennessee, No. 4 Molliisks, 
Proe. Acad. Philadelphia, 48, 1896^ pp. 487"30d. 

Simpson^ C. T. 

1900. Synopsis ol the Naiades or Pearly Freshwater Mussels. Proe. 

U. S. Nat. Mug., 22, 1909. pp, 501-1044 
igi4 Descriptive CotaloiEue of the Naiades or Pearly Freshwater 
Mussels. Bryant Walker, 1914 
Utterback, W. J, 

tgi6. Tlie Naiades of Missouri, Amcr. Midland Naiurahst, 4^ 
pp. 1-200. 

Vanatta, E. G. ^ 

1915. Radnesitue's Types of Unw. Proe, Acad. PhiladclphUK 19^5^ PP- 


M 9 -.- 59 - 

Walker, B. 

Description of a New Species of TruntiHo. Nautilus^ 24 
pp. 42-44. 

1910b. Notes Oft TrvndNd^ with a Key to the Species. Nautitni, 19*^ 
PP- 

igtl. Notes on the Dlstrihulion of Murgariland ffiflModojt/n Say. Nau¬ 
tilus, 23, igii, pp. 57-58, 

1916. The Rafinesque-Poulgon Unios. Nautilus^ 30, 191^ PP^ 43 -^ 7 - 
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Wilson^ C. B„ and Clark, H, W. 

1914. The Mussels of the Cninberland River and its Tributaries, Bur. of 
Fisher^ No. 781, PP- 

Family: ^fAliGAR!TA^'!DM^ Ortmann (igiifl, p, isg). 
Genus: CumberlaNDIa Ortmann (jgiso^ p. 13). 

I. CUMBERLANDVA ilOKODOSTA (Say), 1829, 

[ 7 hio m&nodouta Say, '39.— U«io monodontus Lewis, '71.—Jfflrja- 
ritana moiiodonia Orimann, 'lafr, p. 233 (anatomy).— Marga- 
ritattd mwodoiita Simpgdn, ’14, p. 521. 

Widely distributed in the larger and medium rivers: Tennessee, 
Clinch, and Holston. According to Walker (*n). it goes up, in the 
Clinch, to Union Co., Tcnn,, but I found it also at Ginch River Sta¬ 
tion, Claiborne Co. In the Holston, I have traced it tip to Austin 
Mill, Hawkins Co„ Tenn. Walker gives it also from Little River, 
but this can be only in the lower part of it. 

This is generally regarded as a rare species; but in the lower 
Clinch, in Anderson Co,, and in the lower Holston, in Knox Co., 
Tenn,, it is locally abundant. 

Typf locality: Falls of the Ohio. 


Family: UPvlONiDM Ortmann (19110, p. 129). 
Subfamily: UNIONING Ortmann { 1910, p. 116). 

Genus: Fusconaia Simpson (1900), 

Ortmann (1912^, p- 240)- 

2. Fusconaia filakts {Lea)„ 1840. 

Unh pilaris Lea, '40*— t/ni* ghbatus Lea, "71.—Unh ebeims and 
pilaris Lewis, '71 and "72.— Unia pilaris PiUbry & Rhoads, -gS. — 
Quadnda andreu/si ilarsh^ '02 .—Quadrtda b^amihampi Marsh, 

'02,_ Quadnda pilaris, andr^fsi^ beandiampi^ globaia Simpson, 

"14, pp. S93-899. 

This is the upper Teniiiissce representative of F, s^ibrotunda Lea 
of ihe Ohio drainagt^ and it may be merely 3 dwarfetj, globular form 
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of the latter, I-have seen the uomrial sui^rf^tiuida f rom the Tennessee 
in northern Alabama, hut I cannot letl whether the two pass into 
each other. 

The typical form of F, pUart^ passes into the fallowing local 
races in an upstream directioiip and it is hard to draw a line between 
them. In order to preserve the oldest names given, I have arbitrarily 
concluded to call by this name those more swoollen forms where the 
transverse diameter of the shell is 55 per cent, of the length and over. 

This typical f. pUans is restricted to the large rivers: Tennessee* 
lower part of Little Tennessee, lower French Broad, lower Holsion 
and lower Clinch. In the two latter rivers it is rare, and inter grades 
with the next form, going up, in the Holstoii, to Grainger Co., and, 
in the Clinch, to Anderson Co., Tenn. 

Type hfulity: French Broad River, Tenn* and Holston River* 
Tenn. (topotypes examined). 

3. FUSCoXAIA PILAHIS LESUEL?HIANA (Lca), 184O. 

Uftw ksueurimtis Lea^ *40.—Qi^admia flexMSa Simpson, "00.— 

QinT(/rif/n flexitosa Simpson p ^14? P- “^ 7 - 

According to Simpson, ^14, p. 894, hsumrtan^ is synonym to 
pilaris^ 

Like pilaris^ but less swollen; the diameter of the sliell is from 
45 per cent, to 54 per cent, of the length. 

Of Q. fiexuosa^ I have seen, in the Walker collection* two sped- 
mens from Holston River, Knoxville (^Irs. Andreevs)* and one 
specimen from Holston River, HamFlen Co. (opposite Grainger Co-) 
(!Marsh), They had been compared with the type of ftexuosa^ and 
thus labeled by Marsh. Two of these, with the diameter of S 3 
54 per cent., are while one (Knoxville), with diameter 

of 56 per cent., is pilarix* Simpson's measurements of fexuosa give 
the diameter of 51 per cent., and thiis it should be made a synonym 
of hxneuri^ttd. 

This is the form of the medium rivers] it turns up in single indi¬ 
viduals in the region of Knoxville, and becomes the prevailing form 
in the lower Clinch and in the whole Holston proper. In the Clinch, 
it has been traced up, in single individuals^ to Scott Co.p Va-* and*u 
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abo goes into the lower Powell, up to Claiborne Co., Tenn, From 
the Hobtoiit it goes in the lower parts of the North and South Fork: 
but at and near its upper limits it always intergrades with the next 
form (bursa-pasiQris). 

Typi! locaiiiy: Caney Fork River, Tenn. (and Hob ton Ri%"er, 
Tenn.). (Thus it seems to exist also in the Cumberland drainage, 
but this re<^uires further investigation. Wilson and Gark, "14, do 
not mention it.) 

4. Fusconala PfLASis EURSA-j>.v^OHis (Wright)^ 1896. 

t/in'e Wright, '96 .—Unio kirifandtamt^ Pilshry & 

Rhoads, ^96 .—Fuscoftam biirs^pasfort^ Ortmann^ p. 90 

(anatomy), and p. 31 i.—FujeoiieMi Good¬ 

rich, ’13. p- 93 -^—Quudrula bursa-pastQrts Simpson, '14, p. 890. 
This is the conipressed headxvaters-form of F. pilaris, connected 
with it through the intermediate form /eiwrunaMd, It has the same 
relation to F. pilaiis^ as has F. kirtlandiam (Lea) of the upper Ohio 
drainage to F, jii&rc/Mfirfd; it is practically the same things except 
that it does not reach the sise of It, and docs not develop the ^'wing^' 
seen on the posterior upper margin of kirtlandiittm. It b perfectly 
clear that the form mentioned by Pilsbry ^ Rhoads from Watauga 
River, Johnson City; Tenn., is this, and, indeed, I haA*c found it 
very close to this locality. 

The diameter of this form is less than 45 per cent, of the length» 
and it appears as if the lack in thb direction is compensated by a 
greater circumference of the shell, bursa^pastoris often reaching a 
sbe (length and height) not seen in either pilaris or hsi4ciinatm- 
The metropolis of this form is in Qinch River' a few specimens 
have been found in the low^er Clinch, in Knox and Anderson Cos. 
(associated wuih iesa^^uriana and even pilaris}; farther up, from 
Claiborne Co., Tenn., into Virgirua, it becomes more and more 
abundant, and north of the state line, where icstieuriana disappears 
(only found at Oinchport), It is developed as a pure race, going up 
into the headwaters as far as Cedar Elu^, Tazewell Co.p V^a. In 
Powell River, similar conditions prevail; in the lower Powell it is 
found associated and intergrading with tesueiiriana^ but north of the 
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state line, in Virginia, it is exclusively present, going up to Big Stone 
Gap, entering even a small tributary (Cane Creek, Lee Co., \a.). 

In the Holston, tliis form is not so well developed, and not so 
abundant, but is present nevertheless, and also has the same relation 
10 Usiieuriana, first being associated willi it, but then being exclusively 
present. The latter is the ease in North Fork Holston, in Washing¬ 
ton Co., Va. In South Fork Holston, it goes up to Bluff City. Sulli¬ 
van Co., Teiin,, but accompanied by lesucuriana ; but it enters licre 
Wautauga River, where it is found alone. In the Holston proper, in 
a downstream direction, it is qnite rare, but it has been found as far 
down as Grainger Co., so that in this region (as is the case in lower 
Clinch) occa.'iionally all three forms of the species may be obtained 
together. 

Type locality: Pow ell River, Va. (topotypes examined). 

Note: The color of the soft parts and eggs in the pilaris group 
varies greatly. The soft parts maj* be of the orange type, and the 
eggs (and placenlse) may be red: this is chiefly the case in Powell 
and upper Oineb rivers. Elsewhere, in Holston, French Broad, and 
Tennessee, pale soft parts, with whitish eggs prevail. 

5. Fl'SConai,^ cvkeolus (Lea), 1840. 

Hiiio cfufcohij Lea, '40. — Unh CHueatus Reeve, Conch. Icon. 16- 
UniD, '64, pi. 16, f. 73.—l/jiiO fiiJieo/ifJ LewMs, '71 .—Unto ckjic- 
ofiij PLlsbry & Rhoads, ’g6.—PteHrobcma cmhco/hj Simpson, '14, 

P- 743 ' 

This is not a Pletirobema, but a Fusconaia, taking the place of the 
group of F. flai^a (Raf.) {=Titbiffmosa Lea) in the upper Tennessee 
regionr It is a v^ry good gpectes. 

The original and topical curwhis represents a compressed head¬ 
waters-form^ which, farther down, changes into a more swollen 
form. 1 have, arbslrarilvL decided to call spedtnens with the diameter 
less than 50 per cent, of the length by this name. 

This form found in Povvcll, Ciinchij, and Holston riverSp in, the 
upper parts. In the Powell, from Union Co.* Tenn.p up to Olingcr, 
Lee Co.p Va. (also iu Piickell Creek, Lee Co-); in the Dinch from 
Anderson Co., Term., up to Clinchport, Scott Co.* Va, ;in the Holston 
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from Grainger Co., Tenn.^ up the North Fork at Mendota> Washing¬ 
ton Co., Va,, and Big Aloccasin Creek, Scolt Co.* \^a. It has not 
been found in South Fork Holstein, Watauga* or any of the eastern 
tributaries of the Tennessee* although the var* uppressa goes to the 
lower Xolichuchy and into the Little River drainage. 

In addilioiij it is in some of the tributaries of the lower Clinch: 
in Poplar Creek, Roane Co. (iiiiergrading here with cuneolus ap- 
preisa) and in Emor)' River, at Harrliuaii* Roane Co., Tenn, 

Tvp^ Ioc^i(iy* Holston River* Temi. (topot3“pes examined). 

6. FuscoKAtA CUNEOLUS afpressa (Lea)j 1S71, 

Uriw appressus Lea* ^71 .—Unh in^atmhiettsis Lea* '71.— UmQ 
pJavidiis Lea, yi. —^P/rurofr^rwia Simpson, "14, p. 

74S. 

There has been great confusion about this form* for tJte reason 
that the type-set in the U. S. ^lus. (examined by myself) contains 
three specintensj of which only one* the figured type* is this* w'hile 
the Other two belong to Lc.rju^^oJiio dohbenoMes conradt (Van.). 
But several authors seem to have taken the latter as die types, and 
thus^ for insiaiice* Pkurobema ttpprcssum Simpson (^14, p. 747) is 
not thiSn but Lejrittgt&nk dolabdi&ides c&ttradi 

The figured type of Lea is a more swollen form of F, 
and resembles the latter in every' respect except obesity. 1 hav^ 
drawn the line belw^een the two at the diameter of 50 per cent, of the 
lengthy and specimens with this diameter* and over,^ I call F. ^uneolus 
appressa. 

This variety belongs to the larger rivers. I have not seen it from 
the Poivtll, and in the Clinch it turns op for the first time below the 
moutli of the Fowelk at OfFutt, Anderson Co., Tenn., but it goes into 
a smaller tributary of the lower Clinch^ Poplar Creek* Roane Co-, 
associated here with tyiiical In Emory River, only rwiie- 

olus has been found. In the Holston, appressa turns up first at 
Austin Min, Hawkins Co.# Tenn., associated and iutergrading wuth 
typical cuncolus. 1 also found F. cmnco/iw appressa in the Noli- 
chucky% at its mouth, and then it seems to be the prevailing form in 
the Tennessee at and below' Knoxville. 
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Remarkably enougb. I have found a single specimen of this form 
in a very small creek tributary to Little River—Pistol Creek, Rock¬ 
ford, Blount Co., Tenn.—it has the diameter of 50 per cent, and thi^ 
stands just on the line dividing the two varieties. This specimen is 
rather stunted in growth, and may be only an individual abnormality. 

Tyfe iocatUy: Tuscnmbia, Ala. <Tennessee River and Holston 
River, Tenit.) (type eKaminf^). 

Note: This type of shell is also present in the Tennessee drainage 
in North Alabama, where again the sppressa-iorm inhabits the larger 
rivers, while in the smaller streams typical cuneolus is found. 

7. Fu&conaia cor (Coiinid)j 1S34. 

Unto cor Conrad, '34 —[/in'ff cilgariatuts Lea, %o—Unio pfriuicMr 
Lea, ’71.—Uttia ed^orifliiicj Lewis, yi.—Unio andersOfiensis Lea, 
-72.— edgariamis Pllsbry & Rhoads. ’^.^Pleiirobema 
cdgariamiui Simpsoiip 74 

According to Frierson (Naut., 29, ’16. p. loaff*) the type of U, 
cor Conrad is the same as shells which have been called edgananus, 
UtscumbUnsis, andersonctisis. Frierson has sent for inspection a 
specimen, which had been compared with the type of cor. and this 
proved to’be edgariamis. This is also supported by Conrad $ desenp- 
tion, which says that cor has rays, some of them broad. 

This species is closely allied in shell and anatomy to f. cuneotus, 
but is distinguished by very smooth and shining epidermis, and by 
beautiful color; upon a brownish or yellowish background are bold, 
dark green to blackish rays, while ciiPicofiH has greenish or yellow- 
ish-j^Hve epidermiSp with finer^ greenish rays. 

The original cor is a much swollen fomip and belongs to the larger 
rivers: but in the smaller streams, it again passes into a more com¬ 
pressed form (F. cor oHofo^u). I have drawn the line between the 
two at the diameter of 50 per cent, of the length, so that specimens 
with this or a greater diameter fall under cor. 

1 have found this form only in Clinch River, at Edgemoor, An¬ 
derson Co„ Tcnn,, and, according to Pilshry & Rhoads, it is in tlie 
Clinch in Roane Co, In the Walker collection, there are specimens 
belonging here from Needham Ford, Union Co., Tenn, (associated 
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with var. analoga)^ In the same collection arc typical fflr also from 
Poplar Creek, Roane Co., a rather small stream, where we should 
expect the headwaters-torm. (It happens, sometimes, tliat a small 
tributary' of a large river has, at or near its mouth, the large-river 
form.) Lewis reports this form from the Tennessee below 
Knoxville. 

Type locdity: Elk River, Ala. (and Flint River, Ala.) (topotypes 
examinedp loaned by Frierson). 

NQte: Canrad^s Flint River is not Khe one in ^ladison Co., but the 
one in Morgan Co,, Ala. 

8, Fusconaia coft ANALOG A nov. var, 

t/niD tdgarimiis Reeve, Conch, Icon. i6. Unto. i86-t, pi. iSt ^ 5 ^— 

appr^ssfi or edgarwm Goodrich ^ '13, 93. 

This flat fonii of ear (or cdgariantis') has never been separated 
from the swollen typical foorip probably because there never was any 
doubt about its affinity, on account of the peculiar color ebaracter 
of the shell. However, it differs from typical as strongly as does 
F. ami?olus from F* ctmeoius and thus deserves a varietal 

name. The shell figured by Reeve as U, edgarianu£ surely is this, 
since the compressed shape is mentioned. Specimens with the diam- 
etcr less than 50 per cent, of the length fall under this variety* 

This is the form of the headwaters and small streams. It is in 
tlie Powelh and goes up to Lee Co., Va. It is in the Clinch, from 
Xcediiams Ford, Union Co.:, Tenn. (Walker coll.) up to Cleveland, 
Russell Co., Va., and becomes quite abundant in the Virginian part 
of thi5 river. In addition, it is in the North Fork Holston from 
Hawkins Co., Tcnn.^ up to Holsion, Washington Co., Va* 

It has never been found in any other part of the Holston drain¬ 
age^ or any other river or creek in East Tennessee* and its restric¬ 
tion to North Fork Holston, Clinch, and Powell, and its continuation 
downward, as typical cor_, in the Tennessee proper alone, is quite 

remarkable. 

Type locality: Qinch River, Speers Fcrr>\ Scolt Co,, Va. (types 
in Cam, Mns. Cat no. 61.6326)* 

Note: The group of F* cor is also represented in the Tennessee 
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drainage of North Alabama, and, also here, cor is in the Tennessee 
proper and the lower parts of the larger tributaries (Elk, both Flint, 
and Paint Rock Rivers), while in the upper parts, at least of Paint 
Rock River, it passes into the aiia%fl-forai. 


Group of Fusconaia barmfsiana (Lea). 


Forms of this group have been listed by Lewis (’"i) as V. bar- 
ffiJiCiiJ, and tiiHiCJccJU- In Simpson’s papers (’oo and 
*14), they stand under PhuTohemo, and their proper position and 
mutual relation have not at all been understood. 

All these shells belong to Fiwftwow, but form a separate group 
within this genus, distinguished from the other species by very shal¬ 
low beak cavities, and the peculiar color of the eggs and placenta:, 
which is darker or ligliter purplish-black, or some similar shade (see 
Ortmann, *17)* 

Also here we have the phenomenon that flat and compressed 


forms are found in the headwaters, swollen forms in the larger 
rivers, with the intergrades between them in the rivers of medium 
siae. The transition is complete and very gradual, so that it is ex¬ 
tremely difficult to draw separating lines. The division into three 
local (or ratiler ecological) races, introduced here, is entirely arbi- 
trarv, but justified to a degree by the old dis'ision into “species, and 
the fact that it is just such an intergrade which has first received a 
name (fiarticjiduru). The difficulty of classifying these forms be¬ 
comes greater yet. because these shells vaty' not Only in obesity, but 
also in general outline, development of beaks, and color markings, 
I shall distinguish three forms: bar»esiana bigbycasis, with the 
diameter less than 40 per cent, of the length; with the 

diameter from 40 to 419 per cent.; and born^stiiHO tutmsCcKSi with 
the diameter of JO per cent, and over. 


9. Fusookaia IIARXESIA^IA (Lca), 1838. 

Unto banicsiatiHs Lea, ’38.—[/fiiu incrct/jf/ii Lea, ’58.— pudicus 
Lea, '60.—t'tife iywii Lea, ’65.—tfiifo bamesiaiius and pudiem 
Lewis. ’71.—( 7 pjo tdlk<fensis Lea, 72.— lenticulani Lea, 
72,_ Picttrobema tantcriffHiiin, piidicftm, lenticutare, merfdilhi 
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Simpson, '14, pp, 754, 755, 79Q, 791.— ham equina Ort- 

ninnii/*l7, pH 59^ 

Simp50n/i4,p. 754, makes f^Ilicoensi^ a synonym of 
and (p. 755) iyoni a synonym of pudicum. 

0 , pndicus IS practically the $amc as bartieihttnSj but with dis¬ 
tinct rays ; mcrcdkhi is a pudkus with only few raysj U. lyoni is 
large and has raysj it also has somewbal elevated beaks, inclining 
dius toward the var. tumcscens; fctlkocnsk and Icntk^daris are mod¬ 
erately large, with indistinct rays, practically identical with baf- 
ncsianus. 

This form* which we must regard as the typical species, unfor¬ 
tunately represents the intermediate condition between the flat and 
swollen extremes. It is represented by shells from the Pow^ell, 
Clinch, and Holston, going up here well toward the headw^aters: in 
Powell to Big Stone Gap, Wise Co., Va. ■ in the Clinch to Richland^ 
Tazewell Co.. Va.; in the Hobton to the North Fork at Holston, 
Washington Co., Va., and to the South Fork at Bluff City, SutUvan 
Co., Teim. In tlie downstream directioiit it can be traced to the 
Tennessee Ri\'er below^ Knoxville* However, it is most ahtindant in 
lower Powell, in the middle Clinch, and in the Holston near the 
Forks. In addition, it turns up in mnny tributaries: Cove Creek, 
Campbell Co,, Tcnn.; Coat Creek, Anderson Co., Tcnn.; Big Flat 
Creek, Knox Co. ; in Little Pigeon River, Boyd Creek, Pistol Creek, 
Tellko River, Cane Creek (McMinn Co.), Hiwaasee River, elc. 

It IS a common form, of rather universal distribution under the 
proper conditions. Toward tJie headw^aters, it passes gene rally into 
the van bighyaists^ but there are some small creeks where this Is 
not the case (at aisy rate, >vhere the btgbcnsis-lorm has not been 
foundIi^ ^hc larger rivers it gradually passes into the form 
{Hmesems, and is often found associated wdth it. 

Type (ocaliiy: Cumberland River, Tenn. (not found by Wilson 
and Dark, although they mention ** Fkiir^bcma crttdtfm " 
= baTn£s(ana tumescent r the latter, however, surety has been mis- 
identified)* 
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lO. FuSCONAIA Ej\R>rKSIAWj\ BIGBYESSIS (LfiB)j 

Uith bigbyeitsisUi/Ai>~-^»io fj/n&roolfiaJiHJ Lea, ’45—/«' 
jiHAiJi- Lea, ’68.—t/fiw fascinaits Pilsbry & Rhoads. ’96.—P/e«ro- 
frtfiiiff fassimiis rhomboidca Simpson, ' 00 .—FwjcoJiaid sstahrook- 
ian{* Goodrich, '13, p- 93.—F/ei(rdtciKa P, fasstnaiis 

and var. rhomboideHm, P, cstiibrookionitm Simpson, '14. pp- 75 &/ 
797 p 798 p 8 ^ 3 — Fv^C0nma barveshfta bigbyensis Ortmann, '17, 

P- 59 - . - r 1. 

This is the form of the headwaters and small tributancs or the 

Tennessee system, with a diameter of less than 40 per cent, of the 

length of the shell. U. bigbyensis and P, fassinans rhomboideum 

represent normal specimens, the former with distinct, the latter with 

indistinct or missing rays. U. eslabrookiantts is founded upon very 

large, somewhat distorted specimens; and the only type (examined 

in Washington) of U. fassitsans is an exceptionally elongated, rather 

large specimen without rays. 

Also in this form we have the phenomenon that the compressed 
headwaters shell, so to speak, gains in circumference what it has 
lost in diameter. The var. grows much larger than the 

forms farther downstream. It is very- variable in size, shape, color, 
and sometimes it is hard to distinguish it from Pieurobema n^forme 
argenteitm. Generally, darker (brownish) color of epidermis, with 
fine rays (when present), forming no blotches, and a more central 
position of the beaks distinguish F. bnrncsiana bigbyeftsis. Of 
course, the anatomy is entirely different. 

This race is very generally distributed over the whole upper 
Tennessee drainage, but disappears in the larger rivers. It often is 
in very small streams of the headwaters (North Fork Powell, and 
other small streams in the Powell drainage; in the Clinch at Taze¬ 
well, Va.; Big Moccasin Creek, all three forks of the Holston, and 
also Laurel Creek, Watauga River, and Little Pigeon River; Second 
Creek at Knoxville; Sale Creek in Rhea Co.; Little River; Abram 
Creek in Bbnnt Co.; Tellico River; Spring Creek, Folk Co., and 
Cane Criick, Co,). 

As has been statedt at the uppermost localities, in very small 
creekSp F, b^tmcsiatiQ m its typical form may be preseut^ and may be 
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associated with bighyeiisis. Farther down. soon begins 

to prevail. The form has been traced down in the Powdi 

to Combs, Qaiborne Co., Tenn.; in the Clinch to Qinchport, Scott 
Co-, Va.; but a single specimen has been found at Solway, Knos Co,, 
Tenn„ apparently an exceptional case; in the Holston it has not been 
found below' the point where the North and South Fork unite. 

Type hcalfty: Big Bigby Creek, Maur>' Co-, Teon. (trib, to Duck 
River and lower Tennessee), 

II- Fu5co^‘A)A BAESESiANA tvmescexs (Lea), 1845, 

Unio Utmescens Lea, '45 .—Unio crudiis Lea, ’71 -—Unto radipJHJ 
yi—Utiio tumesceaj Lewis, '72 .—Utiio lumescetts Pilshrj' 

& Rhoads, ’96 .—Ptcurobeim titmescens and P. crudum Simpson, 

*14, p- 751, 7 S 3 -—Fiiscomia bsmefiona tuuuscens Orlmann, '17, 

P* 59 

(Simpson makes radiostts r sj-nonym of 

This is the swollen form of the large rivers, with a diameter of 
50 per cent- of the length, and over. It also generally has higher 
beaks, making the outline of the shell more nearly triangular; but 
higher beaks are also sometimes observed in the typical F. bantcsiatia 
(fvoiii-typc). t/- tumcsccMs represents the extreme tn obesity, and 
radiosus ( type examined!) is very close to it. f/. crnditj is the much 
eroded form of the French Broad River (topotypes at hand). The 
two former have more or less developed rays, the latter is rayless, 

F. iiflrHfJMJKi fHmcjCfHJ has its metropolis in the Tennessee 
River at and below- Knoxville. Rut it is also found some distance 
io the rivers above this point. From the Clinch it is known from the 
lower part: the uppermost locality is at Edgemoor. Anderson Co. It 
also has been reported (by Piisbry and Rlioads) from Emory River 
at Harriman, Roane Co. In the Holston proper I have observed it 
as far up as Noeton, Grainger Co. It is also in the lower French 
Broad, at Boyd Creek, Sevier Co., in the Little Tennessee in Monroe 
Co., and in Hiwassee River, at Austral, Polk Co. (intergrading, at 
these places, with typical F. barnesiana). 

Remarkably enougb, a small tributary of Little River, Pistol 
Creek, Rockford, Blount Co., Tenn., contains shells, most of W'hich, 

vaoc. AHE#. THlt, SOC., VOl. Llflt, Jf, SHT. JO, 
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according to actual mcasurcment-s, should be classed with iitmcscens. 
But these shells are more or less distorted and stunted, and appar¬ 
ently abnormal t those of more normal growth correspond in their 
measurements to bartteshnif. 

Type iocaJily; ‘‘Alexandria, La.” This Is surely incorrect. 
Specimens from the Tetmessee River in noriliern Alabama have 
been recogniaed as this form by Call, Piishry and Rhoads, and \\ alker | 
and I-ewis (’ys), and Piishry and Rhoads quote it from East Ten¬ 
nessee, and I think this identification is quite correct. 

Note: In nonhem Alatsmia, in the Tennessee drainage, and gen¬ 
erally heloiv the Walden Gorge, this type of shell is also abundant, 
and again here we have the jccwr-form in the Tennessee proper 
and the lower parts of some of the tributaries (Sequatchie River, 
Shoals Creek), Farther up in the tributaries, typical barnesiaua pre¬ 
vails, and the fri^j&vetfffj-form is in the smallest streams. Forms he- 
longitig to the latter, corresponding closely to fatiimns rUomboidcitin, 
and the large cstabrookianus-typc of the upper Powell, Qinch and 
Holston, have come to hand from the headwaters of Paint Rock 
River and Elk River (Estill Springs). In Shoals Creek, Lauder¬ 
dale Co., Ala., a very peculiar mixture is found, containing all three 
types side by side, intergrading completely, but with the typical 
barnesiam prevailing. 

Genus: .Amelem.s Rafinesque, iSao. 

Crenodonta {Schlueter, ‘36), Ortinann, 19126, p. 245 >— Aniblema 
Frierson, 19140, p, 7. 

12. Amblema puCAfA costata {Rafincsque). 1S20. 

Amblenia eostala Rafinesque, ' 20 .— Unto uHduIatus Lewis, '71* 
Unto undiilatus Pilsbry & Rhoads, 'g 6 .— Crenodonto iijididtifff 
Ortmann, *126, p, 246 (anatomy).— Crctiodonta Htidiilata Good¬ 
rich, '13. p. 93,— Quadruta uiididato Simpson, '14, p. 
Ambiemo coslata Fri«r 3 on,'l 4 fl, p. 7 -— Qnadttda costolo Vanatta, 
'15, p. 536,—,'l ruble mo {piicata) costata, Utterback, ’16, p. 39, 
As to nomenclature, see Frierson and Vanatta (f. c,). The iden¬ 
tity of Raflnesqiic’s species has been recognized already by Conrad in 
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1834 and 1S36, and the name of CQSfata has been used by Knestcr and 
Roeve. JEoreover^ the true [/. nnduiaius^ Barnes» is actually Us 
heros. Say, '29. U. ptkafus Say, iSi7i h the Lake Erie form 
(=hippopi^u$ Lea, "43)> castata Raf, of the Ohio drainage, 
apparently is the ancestral form to this. But according to the laws 
of priority, pikaius, although being a local race, has to stand as the 
main spedes. 

Generally distributed iti the upper Tennessee drainage, in Powell, 
Clinchp lower Emory, Holston, French Broad, Nolichucky rivers, 
lower Little River, and Tennessee proper. Goes up to Shawance, 
Claiborne Co,, Tenn., in the Powell; to Qeveland, Russell Co.^ Va., 
in the Clinch; to Hilton, Scott Co., ^"a.^ in Korth Fork Holston; 
and Pactolus, Sullivan Co., Tenn,, in South Fork Holston; to the 
moulh of the Nolichiicky at Chunu's Shoab^ Hamblen Co.p Temu 
It also occasionally enters some’rather small streams, for instance: 
Poplar Creek, Roane Co,j and Boyd Creek, at Boyd Creek, Sevier 
Co.j Tenn. 

T\*p€ locality: Ohio River (Raf.) (according to Vanatta, the 
type is from small creeks in Kentucky). 

Genus: Qc^vdrula Rahnesque, 1S20. 

Ortmaiin, 191 25 , p. ^ 50 - 

13, Quadrula PUBTUi.os.\ (Lca), 1S31. 

0 £>/i^jfdri^ buUalo Rdinesqiie, *20 .—Unto pn^nlosns Lea^ *31," 
Unh pernodosHS and pusiuhsHS Lewis, 'yt .—Urtia pnstuhsus 

and sphe^rints Pilsbry & Rhoads, "96 .—paslulosa Ort- 
maun, * 125 ^ p, 251 (anatomy ).—pustulosa Simpson, 
’14, p, 84S. 

According to Vanatta (*15, pp, 55 ^?^ 557)> ObUquaria rctusa Raf ., 
'20, probably'" is U* pnshdostis l,ea, *31, and O. bulMa Raf., *20, 
is U, pentodosus Lea, *45: but the latter is not different from pn^tu- 
iostis, Tlie identity of 0 . 5ji//afct and U* pnstuiosus has been asserted 
by Conrad in 1834, and is evident from Rafincsqite's description. 
Also Kiiestcr and Reeve have used the name of 5 if//dfnf. However, 
as Vanatta points out, the specific name bullata is preoccupied by 
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Ilexu 0 ^^ biilidta Raf.+ ’20 (Intcrriat- Rules of Z06L 
Nomtncl.p Art. 11), and si net the identity of 0 . re^MJ^o is not c^uite 
certain, the name given by Lea becomes available. 

I cannot see anything but an individual variation in what Lea has 
called U. pfmodosii^. This is given from North Carolina ” accord¬ 
ing to Lea probably from the tributaries of the Tennessee (in the 
mountains)- But its occurrence in these parts has never been con¬ 
firmed. U. sphd^rkus (?)j reported by Pilsbry & Rhoads from near 
Chattanoogap surdy is this. 

This Species prefers the larger rivers, and is not rare in themp 
chiefly so in the Tentiessce at and below Knoxville. 1 traced it up 
the Clinch to Offuttp Anderson Co., Tenn., but a single specimen is 
in the Walker coltccHon also from the Powell, at Bryant Shoals, 
Claiborne Co., Term, In the Holston, it goes tip to ilcBec Ford, 
near Hodges, Jefferson Co., and in the French Broad^ it reaches the 
lower part of the Nolichucky at Chunn's Shoals, Hamblen Co., Tenn. 
Type locality: Ohio. 

14. Qu.\DiiUL.\ VERRUCOSA (Rafinesqiie), iSm 

verrHcaso Rafinesque, '20 .—Unio eonjuffOf^s Wright, 
Naut^t 13. ^99* p- 89.—Qjictfrii/u Orlmann, '12^, p. 

254 (anatomy)-—let and T, c&njngms Simp- 

son^ *14, pp. 318, 322 .—Triioganla m-^rracosa Vanatta, '15, p. 554 - 
—Quadrufa verrucosa Uttcrback, '16, p. 62. 

This form has been previously reported, as f/. cQujugans^ only 
from Fliwassee River^ and the type (examined in Washington) is 
indeed a remarkable shdl, an apparently stunted, shortened male of 
thi.s species (individual abnormity). That this species is actually 
present in the lowxr part of the Miwassee, in Meigs Co., Tejin,, is 
shown by three fine specimens in the Walker collection (Adams). 
It is very remarkable that I did not find ^ trace of this striking 
species in any other part of the upper Tennessee drainage. 

Ty^e locality: Ohio River. 

Note: Below the Walden Gorge, in Sequatchie River, Tenn., and 
the Tennessee drainage in northern Alabama, this species is more 
abundant, both in the Tetmessee River and its tributaries (Paint 
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Rock River, Fliiit River in ^ladison Co., Elk Riverp Shoals Creek, 
Bear Creek). 

15. Quadrula metaneeva (Rafincsque), 1S20. 

mcfmen^ Rafincsque, '20 .—Unto metancnra Lewis, '71, 
— m^tanen'a OrtuLaiirip 'i^b^ p. 253 (anatomy). — 
QHffrfrifia ihetanena Simpson, '14. p. 834. 

In the Tennessee at and below Knoxville. Above KnoxviHep I 
found only a single specimen in the Holstonp at Mascot, Knox Co. 
Rare, 

Type hcality: Kenhjcky^ River (according to Vanatta, *1$, the 
typ^S arc from Ohio River]) , 

16. Quadeula INTEHMEDIA (Cotirad), 1836, 

Ufih inicrinediH:^ Conrad, '36. — Unto tuberosus Lea^ *40 .—Ifnh 
sparsus Lea, ''41 .—Unio {ntertHcdius, spursns, tubcrostts Lewis, 
*71^ —Ofiorfrif/n sporsa Ortmann, (anatomy).—OEacfraifdi in- 
tertnedia Goodrich, ^I3p p. 93.— inbcrosa, inberosa 
sparsGj, intermedia Simpson, ’14, pp. 836, S37. 

According to Simpsoup Q. iuberoso is more swollen than Q. in- 
termedid, and 1 have seen rather sivoUen specimens in the Walker 
collection from the Cumberland River and the Tennessee in North 
Alabama- However, the original figure of U. tuberosity Lea is not 
much swollen. My specimens from the upper Tennessee drainage 
are all more or less compressed. \Ve might have here ag^in a case 
where in larger rivers a more swollen form turns up. But even if 
this should be correct, should only regard these forms as races 
of the sahie species. 

Reported from Nolichiicky, Hols ton, Clinch, and Tennessee 
rivers, and said to be abundant. According to the material collected 
and seen by myself, it is decidedly a rare spedes. I know^ it from tlie 
Holslon at Church HilL Hawkins Co.i Tenn.; from the South Fork 
Holslon at Pactoliis and Bluff City', Sullivan Co., Tenn.; from North 
Fork Holston at Mendota, Washington Co., Va.; and from the 
Clinch River at Qinchport, Scott Co., Va. (Walker coll.), and 
Gevelandp Russell Co,, Va. 
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It is remarkable that I did not find it in ihe lower parts of these 
rivers, although it has been reported from the Knoxville region, and 
from the Tennessee in northern Alabama. 

Type hctilily: NoUchiickj' River, TeiJn. 

I/- QUAORt-'I-J' CVLISDHICA (Ssj), iSl?. 

Unto cylindricus SAy/iJ—^me cylhfdrkiis Levi\s,yi.—U«i{! cytin- 
dricus Pilsbry & Rhoads, ’96.—Qiiadru/c rv//*FJnffl Ortniann, 
i2fr, p, 256 (anatomy).—Qtifli/rififo fyhVidrifB Simpson, '14, p- 
S32. 

Reported from the Tennessee below Knoxsillc and from the 
Holston River. It is rather frequent in the larger rivers, and goes, 
in the Holston, up to Hawkins Co.. Tenn. In the region of the forks 
it begins to incline toward the next form; however, in Big Mocassin 
Creek, Mocassin Gap, Scott Co.. \ a.. a tributary of the North Fork, 

I found a rather normal cvhiidriVu, In the Clinch, it goes to Clinch- 
port, Scott Co., ^'a* It is also in the Powell, up to Claiborne Co., 
Tenn. 

Type hcality: Wabash River. 

18, Qu-VDRULA CyLlSDHlCA SnUGlLLATA (Wright), 1898. 

t/ilio cy/iHifnViff strigillatus Wright, Nautilus, 12, '9S, p, 6.— Quad- 
ritia fyfiwdncB strigiliata Ortmann, '136, p. 311. — Qnoifrida cyfiit- 
dWea stfiffiilata Goodrich, ’13, P‘ 93- 

Simpson (’14, p. 834) does npt admit this as a separate form; 
but it is a very good and well-marked Local race, belonging to the 
headwaters, being compressed, devoid of large tubercles, but thickly 
covered with small ones. 

Its metropolis is m the upper Clinch River, Intergrades between 
this and the main form are found in Scott Co., Va„ and thence far¬ 
ther up, it becomes a pure race, and goes up to Cedar Bluff in Taze¬ 
well Co,, V'a, The same conflition,s prevail in Powell River, where 
it intei^radcs with the normal type in Gaibome Co., Tenn,, and then 
goes up to Pennington Gap in Lee Co. It also exists in North Fork 
Holston. from Hawkins Co., Tenn., to Mencloto. Washington Co., 
Va., and in the South Fork Holston at Paetolus, Sullivan Co., Tenn. 
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But the specimens from the Holston drainage are not so well and 
typically developed as those from the upper Clinch. 

Type hcalUy: “ Clinch River, Lee Co., Va.” A case of inexcus- 
ahle carelessness, for the Clinch never touches that county- 

Genus; Rotundabia Rafinesquc (1820). 

Ortmann, igiat, p- 25?. 

19. RorruNtJARiA toderculata (Rafinesque), 1820. 

06/i5iwr«a tubefailata Rafiestjue. '20.—Ufiw tvrrKCOAiif Lewis, 
yj —Umo vcrrtiiosus Pilsbry & Rhoads. '96.—Rofitndoris iHbcr- 
niiata Ortmann, '12b, p. 258 (anatomy).— Qimdriifo 

daria) tubcmthia Siinpson> *i4i P- 9^3' 

Abundant in the larger rivers, going rather far up toward the 
headwaters- The extreme points are: Qinch River, CUnchport, 
ScoU Co., Va.; North Fork Holston River, Mendota, Washington 
Co., Va,/south Fork Holston River, Pactolos, Sullivan Co., Tcnn.; 
Nolichucky River, Dmnn’s Shoals, Hamblen Co„ Tenn. I have it 
also from Boyd Creek at Boyd Creek, Sevier Co., Tenn., a very 

small tributar)' of French Broad- 

In the other eastern tributaries of the Tennessee (Little River, 
Little Tennessee, and Hiwassee) it has not been found, and also no 
records are at hand from Powell River. 

Type ’ Ohio River, 

Genus; Plethobasus Simpson (1900), 

Ortmann, 1912^. P- ^ 59 - 

20. PLETilOBASUS COOPEMANUS (t.^a), 1834- 

Uttio cooperiatna Lea, co(,peria>»iS Lewis, 'ji —Umo 

(ooperianus PiUbry & Rhoads, '^.—Pkihobasui cooperi^nMS 
Ortmann. 'I2fr, p. 26t (anatomy).— OModrfdo CQOperkna Simp¬ 
son, ’14, p. 852. 

In the Tennessee River at and below Knoxville, down to Chatta¬ 
nooga (Pilsbry & Rhoads). Also in the lower Qinch River; 1 have 
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it from Edgemoor, Anderson Co.. Temn.p and Fihhry and Roads give 
it from Patton's Ferr)'. Roane Co+, Tenn. I also have found it in 
Ffctich Broad Riverp at Boyd Creek* Sevier Co.p Tenn. Records 
from " Holston River probably refer to the Tennessee* at any ratCp 
it must be a rare shell above Knoxville. 

Type henUHy: Ohio River. 

21. Pletboeasus cvfhyus (Rafinesque), 1S20. 

Obfiqu&rh cyphya RaBnesque, '20.—t/wi<? e^sQpus LeiviSp '7^^— 

Pletfwbasus ^sopus Orlmannp "i2if, p. 2C0 (anatomy).— Fhuro- 
Simpsan, '14. p. Bo 6 .—Fleurobetiia cyphia Vanatta* 

'15. P' 556 

In the larger rivers^ Tennessee, Clinch, Powellp Holstonp and 
French Broad, going up, in the Powellp to Bryant Shoals, Claiborne 
Co., Tenn.; in the Ginch to Clinchport, Scott Co., Va.; in the Hoi- 
ston to the mouth of the North Fork at Rotherwood, Hawkins Co.t 
Tenn. 

Type locality: Falls of the Ohio. 

22. Pletuobasus cvPHYus coMPERTus (Frierson), igii. 

[/iiin Lewis, "71 .^—Uuio compertu^ Frierson, "11, p. 53 p P^- 

3 (middle and lo'iver figures ).—Flenrobema eompertum Simpson, 

^14, p, S09. 

Specimens in the Walker collection from ^^HoUtou River, Knox- 
villet” are authentically labeled varkosus Lewis, and comperius 
Frierson, and they agree very well with specimens collected by my¬ 
self in French Broad River, at Boyd Creek, Sevier Co., Tenn. My 
Specimens (I have five) are larger than Frierson's figureSp and 
most of them are more drawn out posteriorly. They were found as¬ 
sociated with one specimen of the true P. cyphyus^ and resemble the 
latter very' much, except that the radial row of knobs on the disk 
is poorly developed, almost obliterate d^ and that the soft parts are 
not of orange, but of pale color* (For the rest, the anatomy of male 
and female is like that of P. cyphyiisS) 

1 consider this as a variety of P, tryphyits^ since in some of my 
specimens, the row of knobs is more distinct, and since typical 
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cyphyiis often h^s these knobs nearly obliEerated. Whether the soft 
parts are always pale remains to be seen (the specimen of typical 
ry;p/ly^fJ from the same localily had orange soft parts) : but several 
other shells have* in the French Broad, the tendency to develop pale 
soft parts* or pale nacre, while they are tinted elsevvhere. 

This seems to be a rare shell* which has been reported by Lewis 
from the Tennessee below Knoxville* by Frierson from the ""Qinch 
and Holston'*; Walker ha$ specimens from '^Holstoit* Knosvtllc*^ 
(probably Tennessee)* and I found it in the lower French Broad. 
It might be that this is a local race* restricted in its distribution^ and 
possibly wdth its center in the lower French Broad: but more mate¬ 
rial with exact localities should be secured. 

Txpe Clinch and Holston rivers. 

Genus: Lexinctosia Ortmann (1914). 

Ortmann, 1914, p. 28. 

23. Lexixctonia dolabklloides (Lea)p 1S40. 

Unk dokheUoides Lea, '40.—L'lim th&rfitani Lca^ '57 ,^—Unio m^are- 
smnns Lea, ^57 ^—Unw r^curz^tus Lea, ^71 .—Unio arcutna^tus 
Lea, ^71 .—subgkbiihis Lea, *71.— Uni& dohbeUotdes and 
tnn^rfn'cJWiij Lewis^ ^71.— Pteitr<}b^ma dokbe^loidcs Simpson* ^14, 

F 752^ 

U. ihomiotii fnooreskniis, recurz*aiMS, circumaciHSj and sabgk- 
batus have been recognized by Simpson ag synonyms of thi&. 

Also here we have a case where a swollen form (d&hbclhid^s) 
is found in the larger riverSp and a compressed one (conradi) in the 
smaller streams, with the intergrades existing between them. I have 
drawn the line between the two at the diameter of 50 per cent, of 
the length, so that forms with the diameter 50 per cent, or over are 
dohbeihidcs, and those below 50 per cent, are amradi. 

L. dolabclloid^s in its typical development is a sivollen form^ gen¬ 
erally also with more elevated beaks. It is known from the Ten¬ 
nessee River bebw Knoxville (Lewis), dowm to Rathbum* Ham¬ 
ilton Co. (Walker collection), and from the lower Qinch, up to 
Agee, Campbell Co, (where it intergrades with ronradi); and it is 
in French Broad River, at Boyd Creek* Sevter Co. 


546 


OKTMANN—NAYADES OF 


It is remarkable that this form lias nol been found in the Holston 
proper, from Knoxville up to the forks, while the headwaters-form 
is both in the North and South Fork Holston. 

Type locality: “ Holston River, Tennessee ” which stands appar¬ 
ently for Tennessee River, 

LKjtijiGTONiA DOi-ABELLOiuES COX Radi (\ aiiatta), 19^5* 

Utiio macfthuis Conrad, ■33.—Pfnrrti&fJHfl jHdridflfniH Goodrich. '1 3 . 
p, —Plcurobcitia HioridariiNi Simpson, ' 14 , p, ^37*' 

bema appreseim Simpson, ’ 14 . P- 747— 

Vanatta, '15, p. 559 - 

A form, largely misimderstood. Specimens of this have often 
been called U, apprcfSits Lea, because two specimens are in the U. S, 
Nat. Mus. with the figured type of appres^us, but are different from 
the latter. Also Simpson’s P. a/s/irrjffiHi (’14, p. 747) undoubtedly 
is this, since he quotes Sowerby's figure of U, argenteus (Conch, 
icon, 16, Unio. '66, p!. 37 t f- ^04). which is a fine representation of 
this form. 

This variety often resembles very much Plcarobema tK^iforme 
(Conr.) (chiefly such forms which have been called clmcltef^e 
Lea). However, it may be rccogniied by the subtriangnlar outline, 
more forwardly inclined beaks, and the more distinct truncation of 
the posterior slope. The most important character, however, is seen 
in the soft parts: in the present form, these are generally deep 
orange, with the outer gills marsupial, {tiled, when charged, with 
red, subcylindrkal placentte. These are the characters of the genus 
LfxhrgfOHio. The main species has the same characters, at least m 
the Clinch: in the French Broad, however, 1 have found specimens 
with pale soft parts. But the same tendency has been noticed iti 
other species from the French Broad. 

An abundant form in the headwaters of Pow-ell, Clinch, North 
and South Fork lloUton. In the Powell, it goes up to Big Stone 
Gap. \\'ise Co., Va., and is also in Puckcll Creek at Pennington Gap. 
Lee Co., Va. In the Qinch, it is found up to Cedar Bluff. Tazewell 
Co., ^'a.. and down to Clinton, Anderson Co.. Tenu., intergrading 
in the lower part with typical dolabcUoidcs. It is everywhere in the 
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North Fork Holston up to Saitville, Smyth Co., and in the 
South Fork Hoiston at Fish Dam (Walker colL)^ Emmett^ and ElufF 
City, SulHvan Co,. Tenn, However, it does not go dow n the Hoiston 
proper (see above). 

Type hc^iity: (of U, 7naadah(s Conr.) Elk and Flint rivers, 
northern Alabama (Conrad*s Flint River is in Morgan Co., Ala., 
and is different From the Flint River in Madison Co., Ala.). 

Nate: This group of forms is also abunebmt in the Tennessee 
drainage in northern Alabama. The typical d^lateltaides is found 
in the Tennessee proper, and also in lower Painl Rock River, Flint 
River (Madison Co.), and Limestone Creek; while the eonradl-typt 
is found in smaller streams, for instance, in the headwaters of Paint 
Rock River, the headwaters of Flint River (Madison Co.), Flint 
River (Morgan Co., according to Conrad), and in Elk River 
(Conrad). 

Genus: Pleuhdbema Rafinesque (i8^). 

Orlmann, p, a6i. 

25. pLEUEOBEMA onUQUUa (Laniarck), 1S19, 

Uni& abliqua Lamarck, *ig—Ufiio obtiquus Filsbry & Rhoads, '96 — 

Pteur&bems ahtiquum Ortmann^ ^ 125 ^ p. 264 (anatomy)-QjiOdf- 

nJa Simpson, ’14, p. SSi. 

This consissts of a group of forms very variable tn shape, which 
has been divided into a number of “species." In the upper Ten¬ 
nessee region several of the latter'are found, but they all intergrade 
with each other, and there is very little indication of their separation 
into geograpliical or ecological races. Mostly, the various forms are 
found associated, so that they are hardly more than individual 
varialions- 

However, in deference to the nomenclature hitherto accepted, 
and in view of the fact that in other regions some of these variations 
become local varieties, I have kept these forms apart. 

The typical P. abliquum is rather upright, vvith a distinct radial 
furrow, and is subtriangular in outline. The nacre is generally w^hite. 

This form is quite abundant in the larger rivers, Tennessee. 
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Ginch, Holston, and French Broad. It goes up, in the Clinch, to 
Union Co., Tenn,; in the Holston, to Grainger Co., Teno- In the 
Tectnessee proper it is known down to Chattanooga. It is rather 
strange that it is absent in Lewis’s list. 

In specimens from the upper section of Holston and Ginch, the 
radial furrow is quite shallow*. 

Type locality: Ohio River. 

26. Pleltrobema obliquum corbatuu (Rafincsqtie), 1820. 

Obovaria cordata Rahnesque, ’20,— Unio plcnus Lea, *40,— Unto 
plenus Lewis, yi.-^Quadrtila ptaia Simpson, ’14, p* 8S6.— Quad^ 
rula cordata Vanatta, '15, p. 55S.— Pleitrobema obliquum plenum 
Utterback, '16, p. 77. 

I accept the nomenclatural change introduced hy Vanatta, since 
Rahnesque’s description aud figure can very well be referred to this 
form. 

Upright, more rounded, and more elevated than the normal form, 
radial furrow less developed. 

This is the most poorly marked form of the group, and is found 
with the main form all over its range, representing merely an indi¬ 
vidual variation. In the upper Tennessee region it is rather scarce. 
Type locality; Ohio River. 

27, Plecbobesia obliquum CATtLLUs (Conrad), 1836. 

Unio catiilns Conrad, ’36 .—Unio solid ns Lea, '38 ,—Qtiadrula sotida 
Simpson, ’14. p. 885.—Pfcurflicjun obliqutim calUhts Utterback, 
’16, p, 79. 

Subtriangular, rather swollen, with the radial furrow obliterated 
or absent. Nacre white or reddish. 

Individual variation of the main form, all over its range, but quite 
rare in the upper Teimessce; there are mightj- few specimens which 
show the characters of this form well developed. 

In other regions (upper Ohio, and west of the ^lississippi) this 
form assumes frequently the character of a local race, in fact, west 
of the Mississippi, this, and forms like P, obliquinn nibrum. prevail, 
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while the form co£cineifm is scarce, and the typical obliquum is 
absent. 

Typ^ ioialiiy: Scioto River, Ohio. 

s8. PLEUaOEEMA OBLIQLUM COCCfN^EUM (Coilrad), 1S36. 

Unio c&ccineus Conrad, 'j^.—Phur&bema coccineum Ortmann, '12&, 

p, 263 (anatomy).— Pletirob^ma sp. ? Goodrich, ^13, p. 94.— 

Quadrit/o coedma Simpson, "14, p, SS3. 

A compressed form, typically merely a compressed cattUus^^ with 
the radial furrow absent. 

Such forms have been reported hitherto only once from the upper 
Tennessee by Call (from River”). 1 have found only a 

few of themn corre^pondinj^ entirely to the cocdmmn of the upper 
Ohio drainage in Pennsylvania; in the Clinch at Solway, Knox Co., 
Tenn., and in the Holston at Hodges, Jefferson Co., and at Noeton, 
Grainger Co., Tenn. They stand ver>' close to the tutiilus forms of 
this region^ representing merely an individual variation of it. 

Type heetlity: Mahoning RivcG near Pittsburgh (= Mahoning 
River, Lawrence Co,, Pa.)* 

In addition to the above form, there is, in the upper Ginch, a 
very peculiar form of this group, not found elsewhere, which may 
be described as a compressed with traces of the radial 

furrow still present. I have seen the soft parts of this {including 
a gravid female }p so that there is no doubt about the afhnities of this 
shell. This form requires further studyn and might deserve a varietal 
namet for it is found, in the Clinch, at» and a good deal above, the 
upper limit of P- 

In the Walker collection there are several such specimens from 
Keedham*5 Ford, Union Co-^ Tetin.^ and I have it from Clinchport, 
Scott Co., Va., and from Gevcland, Russell Co., Va. 

This form may be more abundant in the poorly known portion 
of the Clinch from Gaibome and Grainger Cos., through Hancock 
Co., Tenn., to the Virginia state line. 
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29. Plevroeema OBLiQt-L'M RUBRusi (Ralinesqite) * 1820. 

ObUqnuria rubra Rafincsque, '20—Unto pyramtdfiUis Lea, 

Umo myUiofdesL^\vh/ji ~Umi> pyramidaius PihhrY& Rhoads. 

'96 .—Phurobcmu pyrarnidatum Ortmannp'i25, p,26i4 (anatomy). 

—Qiiadnda pyroniidala Simpson, '14, p. S^—Quadruh rubra 

Vanatta, '15, p, 557, 

According to \"anatta, ihe typo of Obirquarta rubra Raf. is the 
same as U, pyramtdatHs of Lea. Since already Conrad ( 34 and "36) 
has brought rubra together with pyramidatu^ Lea and his own 
myiiloides (which is pyrauiidatusy^ this nomenclalnral change should 
be accepted. 

Slicll E>h]iqiicrp with high, forwardly inclined beaks. Radial fur¬ 
row more or less developed. Nacre general I v red. 

Although, in its typical phase, quite distinct from normal abti- 
guum, intergrades do exist, and also intergrades toward cordatum 
and catUlus have been observ'edx 

Also this form generally accompanies P. obiiqmtitt, but boEh in 
Clinch and Plolston it ascends the rivers a little farther. In the 
Clinch, it goes to Oakuianp Grainger Co.^ Tenn,^ and in the Holston 
to Austin Mill, Hawkins Co., Tenn, It is abundant and well devel¬ 
oped in this regionp and of all the forms of the obliquum groiipp it 
has the best claim to be regarded as a local race. 

In the upper OhiOp this form is quite rarCp and often not ty'picah 
y esc 01 the i^Jississippi are peculiar forms of it, often with the radial 
furrow quite obliterated^ 

Typi^ lofaUty: Kentucky River. 


Group of pLEUROBe.vsA oviforme. 


Also here we meet with a group in which the rule holds good 
that hat forms of the headwaters are represented, farther down 
stream^ by more swollen forms* 


Generally speaking^ the iniform^ group represents, in the upper 
Tennesseep the F, r/ffca of the Ohio drainage, but it is much more 
variable, and has developed, in the headwaters, a very peculiarp com- 
prCvSed type, wliich docs not find a parallel in the upper Ohio system. 
All these forms have the characteristic Plcurobcma anatomy, and 
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resemble very much Lii this the P. although some peculiar 

variations are observed in the color of certaiii parts. 

As It happens, the oldest name (otiforpne) has been used for an 
intermediate form, and thus, in order to retain this in its original 
sense^ it seems advisable to distinguish three types within this 
species: the headwaters form {ar(^etiteiim) has a diameter of less 
than 40 per cent, of the length; the forni of the medium sized rivers 
(ffLiformc) has a diameter from 40 to 49 per cent.; and the big 
river form {hohtottense) has 50 per cent and over. 

Also here we see the phenomenon that the headwaters form gains 
in cjrcuniiereuce what it has lost in obesity. The argetdeum type 
shows this possibly to the greatest extent; shells of this form reach 
in length and height dimensions entirely unknown in the more swol¬ 
len forms- 


30. pLEi;jftou(CMA FORME (Coniiid)^ 1S34, 

Unio oxi/arnu^ Conrad, '34 —mvcncHanits Lea, *34 .—Unh 
pahihis Conrad^ '38 (not pafidus Leax —Ufth lesieyi Lea* 

'60 .—Unh oniQias Lea, "61 ,—Unw cHnchen^is Lea, "67 .—Unh 
coHasaugaeftsis Lea, "7 :^.—Uttw cimchett^LsJesleyi^pahihts I.ew'is, 
'71 ,—Flcurobcma ozifontic Goodrich, ^13, p, 94.— 
dmehense, ledeyi, miforme^ oniatum, conasangaen^e, Tai^endi- 
anum Simpson, "14, pp, 743-^500. 

This resembles much the upper Ohio form of F. dasia, but ts less 
ciineatep witli the beaks less anterior. It is extremely variable in 
shape, higher or more elongate^ and the color pattern is hardly ever 
alike in any two individuals. 

In the Walker collection are topotypes of U. ravendmnus Lea 
(from Asheville): six specimens have the diameter of ot^f&rme 
(40-49 per cent., wdiile one has the diameter of 38 per cent, and the 
latter would thus fall under argaifcum. But it has the topical shape 
of oidfonuc. Since the type of ravcueliamis has 43 per cent., accord¬ 
ing to Simpson, we should place this here, and these shells arc, 
indeed, nothing but 0"eiforme without rays, of a general dull color 
(pale 'brownish, not yellowish). Such specimens arc found else¬ 
where, and several sets in the Walker collection, from Poplar Creek, 
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Roan Co., from the Little Tennessee, Monroe Co,, and Care Creek, 
McMinn Co,, are labeled rave«diaii«s. 1 have found similar ones 
in Hiwassee River (passing into ttolslotietise). I do not think that 
these are more than individual variations. However, it might be 
that within the high mountains of North Carolina, P. otiforme gen¬ 
erally assumes these characters (dull color and bek of rays), and if 
so, we might be justified in calling this form by a varietal name (R, 

The figure of £/. CQuasatigaeitsis Lea is an oziforme according to 
diameter^ but i$ an argcnteum according to shape and sose. Since 
topQt^pes and authentic material of rouasamjaen^is, examined m the 
\\''alker cotlection, fall partly under ozriforme and partty under 
arf/efUeum, this is a real intergradc^ hard to place, 

P. ozifQrme h widely distributed in all rivers in East Tennessee. 
In the Tennessee proper it is rare^ and is generally' represented by 
the var, holstotimse^ It is in Powell* Qinch, Hoistoiip Prench Broad, 
Little Tennessee, and in many of their tributaries^ passing in the 
lower parts of the larger rivers into itz^iforme holsionmse, and in the 
tipper parts into ovtforme argenfeum. It is to be noted that fn/iferme 
goes well into the headwaters* and apparently it does not pass into 
argenteum in some instances. This is chiefly the case in French 
Broad River^ where it goes into the North Carolina mountains (Ashe¬ 
ville) without asstiming the characteristic features of ^irgenteum. 
Type hcaJtty: Tennessee. 

+ 

31. PLEUitOBEiJA OViroRME AROE.VTEUM (Lca), 184I. 

Unio argenteas Lea, '41^—slriatissmus Anthony* Am. Jl 
Conch., “^65, 155 ,—Unio phmor Lea, '68 .—Ufiio Lea* 

atgeHiens Lewis, ^2.—Unio swordi^nus Wrights 
Naut.* ir^ ^97, p, 4 ,—Plcurabema fassinons Ortmann^ p- 
3 io (notof L€ai)-~FJeurobe$m urgmteum Goodrich, 
^ 3 p P- -i^^ordioHutn^ orgcutcitm^ bret*e, pInHitiS 

Simpson. '14, pp, 757-nSo2.— Pleur&bema fassinons Orimann* '14, 
P- 3 ^ (per erroreum). 

The soft parts of tliis form have been described by me under the 
erroneous name of P. fassmons. 
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Simpson (p. S04) niakc^ U. striaftsssmus An Ebony a synonym 
of F. ifslabrookititiiitii (vA^hich actually is Fwjfanain hamesiana big^ 
Specimens from Blount Co., Tenn.^ received from the 
Alabama ^luseuoi of Kat. Hist, as ^triutissimiiSj and simitar ones 
Avith the same label in the Walker collectiorij, agree fully with sped- 
mens collected by myself in Little River in Blount Co., and are 
tliis form. 

Walker lias four specimens labeled P. swordiaHitm (^V^^ght) 
from the Wright collection, which thus are authentic specimens. 
They are all typical P, ovif^rnw urgent earn. In addition^ he has 
three others from the SAvord collection (original lot), of Avhicli two 
are this form^ vvhiEc the third is Fusc^naia pilaris &nrja-j!>flj/flrfj. 
The type of s^^ordiamim has^ according to Simpson^ the diameter 
of 40 per cent.j and thus would stand under ozdf&rme^ ThiSj hoAv- 
everT seems to be an extreme specimen. 

This is the compressed form of ^niforme^ peculiar to the head¬ 
waters and other small streams. It also generally attains a larger 
size than the typical in^formey and is more rhomboidal in outline. 
Lea's only type of L\ argentens (examined by myself in Washing¬ 
ton) is not a normal specimen;; it is tapering behind, which is a 
character of cfzdformc. (/. pianier represents the normal shape of 
this shell, rhomboidah Avhile U. breids is exactly the same thing, 
only* slightly shorter. The color markings arc generally less bright 
than in o^dforme, and very- often they are obscure or missing, 
chiefly in old shells. 

This variety is found in Powell RiA^er from Big Scone Gap, VVise 
Co,* Va, (Avhere it alone is present), downAvard (as,^ociated with 
Qvif&rmc); in the Clinchp from Tazewell Co., Va,* down to Kyle 
Ford, Hancock Co,* Term, {also associated wnth oviform^ and inter- 
grading with it),. In the Holston drainage it is pure in Big Mocassin 
Creek, and in the North Fork at Saitville, Smyth Co,, and Holston* 
Washington Co,, Va. It 15 also pure in the Middle Fork at Chil- 
hovvie* Smyth Co,, tn the South Fork at Barron, Washington COi, 
Va„ and in Watauga River at Walaiiga, Carter Co.* Tenn. Farther 
down, it passes into* and is associated .with, enifonne^ but has not 
been found in the Hoiston proper. It is in Idttle Pigeon Riv^er, at 
Seviervillc* Sevier Co,, Tenn * but not vefj' well developed here, the 
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majority of the specimi^na belonging to ovifonne. In Little River, 
at Walland and Melrose, Blount Co.. Tenn,, it well developed, 
pure, and not accompanied by o-iAforme. The Little Rtver form has 
been called j/nafijjjjwjjijr, and it has one peculiarity in the soft 
parts; they arc of the orange type, and the placenta; are red. P. mi- 
formc ardentemti is also in the tributaries of Hiwassee River (in 
Conasauga Creek with oififorme)^ and in South Chickamauga Creek, 
at Ritiggold, Catoosa Co., Ga. The latter specimens have, in the 
average, a greater diameter, resembling that of or/f/nmic, but they 
are stunted in growth (truncated behind). A few of normal shape 
arc clearly argetiteutn. In the larger rivers, this form is missing. 

Type localify: Holston River, Tenn. (not recently found in HoL 
ston proper). 

PLELTtOBEMxS OVIPOHME nOl.STONEKSE (Lca), I&40. 

UmQ balstoncnAs Lea, '40.— Uaio fnmdus Lea, '57.—L'nio tej- 
jeni/iT Lea, '61.—t/iifo paf/iiioidcj Lea, *71.— Unia uc’itfJij Lea, 
’/I- —Unio /iircfLea,'7J'— Uaio ketlstoisensiem^tesserulte Lewis, 
’ji'—^'<10 beilulMS Lea, 72,— Utsio tieaens and (arc* Pilsbry & 
Rhoads, ’96. —'PUicrobewo tiohtonensc, aett-ens, and /cjjeriffif 
Simpson, '14, pp. 739, 746, -49. 

U. fnuntiHS, fan'*, pattmoides, and beUtflm have already been rec- 
ogniied by Simpson as synonyms of P. hotstonense. 

Thi.s is the swollen, large river form, of oti/fiiriiii*. U. 
pattinoidcs, aettens, and (atci* arc less swollen than the others (inint- 
ifif.5, fcjjerid<r, beihtius'), but they all pass gradually into each other 
with regard to obesity. 

This form has been reported from the Tennessee below Knox* 
ville, and down to the mussel shoals in northern Alabama ; and fur¬ 
ther from tlie lower Qinch, the lower Emory River, and the Noli- 
chucky. According to the material examined by the W'riter, it goes 
up. in the Clinch, to Edgemoor, Anderson Co., Tenn.; in the Hol- 
slon, to Mascot, Knox Co,, Tenn.; it is in French Broad at Boyd 
Creek, Sevier Co., Tenn.; in Little Teimcssee River, Monroe Co., 
Tenn. (Walker coll.) : and in the Hiwassee at Austral, Polk Co., 
Tenn, At all these points, near its upper limit, it is associated and 
iRter;^nidcs with oz'ifQrmc. 
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Tyf^c locality: Hohton River, Term. (Simpson says; Tusctimbiaj 
Ala.) {topotypes examined)* 

Note: The group of Pieurobema oz'iformc i& also quite abundant 
in the Tennessee drainage in North Alabama. Also hero the hoi- 
i$ in tile Tennessee proper (also in lower part of Paint 
Rock River and Liniestone Creek) i in the tributaries^ o^forme is 
the prevailing fomin and in some of the headwaters, the argentcum- 
form is fully as well developed as in the upper Clinch and Holston, 
for instance; in Paint Rock River at Princeton^ Jackson Co.^ Ala.; 
Dry Creeks Holly Tree* Jackson Co,, Ala. (tributary to Paint Rock) ; 
in Hurricane Creek, Gurley, ^radisou Co., Ala. (tributary to Flint 
River) ; in Elk River^ Estill Springs, Fratiklin Co.^ Teiin., and its 
tributary: Boiling River* Cowan, Franklin Co.* Tenn. 

It should be remarked that in this region also the true Pieiiro^ 
bema dat(i (Lam.) turns up; this species is distinguished by much 
more anteriorly situated, pointed beaks^ swollen anterior part of the 
shell, and cuneiformly compressed posterior pare. The Carnegie 
Museum has this species from the old Smith collection, labeled Tus- 
cumbia, Ala., and I have seen it also in the Walker coll, from 
Florence, Ala. In addition, In the latter collection, are specimens 
from Sequatchie River* at Jasper, Clarion Co., Tcnn, (Wciherby 
colL), 

Genus: Ellii-tio Rahnesque (tS^o). 

Ortmann, igi^b, p. 265. 

33. Elliftio ntcer (Rafinesque), 1820. 

Uniij nigra Rafinesqne/m —Utiio rrq^JiVfirjLcwis/yi .—Umo cras^ 
sidens Pilsbry Sz Rhoads^ — EfUptio crassidens Ortmann, ^12^^ 

p, 266 (anatomy). — Unh crassidens Simpson, "14, p. 6q6,— Umo 
crassidens Vanatta, 'IS, p. 555.— Elliplh fugro, Uttcrback. T 5 , 

p. 88. 

The identity of LL ntgra Raf. is now firmly e.^tabli^shed (Say, 
Conrad* Kuester, Sowerhy, and \'anatta)* and it is the species com¬ 
monly called emssidcHs^ However, the type of craseidens I^marck, 
1S19, is not this, but is the trape^oldts Lea (Frierson, *140, p, 7), 
Thus Rafinesque’s name should be used for the present species. 
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Everywhere in the larger rivers: Tennessee, Holston, French 
Broad, Clinch, and Poivell; goes up, in ihe Powell, to JonesviUe, 
Lets Co-, Va.; in the Clinch, to Clinchport, Scott Co,, Va.; in the 
Hotston to the South Fork at Pactolus, Sullivan Co., Tcnn.; in the 
French Eroad, it goes to the Xoliehutfcy at its mouth( Chunn’s 
Shoals, Ilaniblcn Co., Tenn.}. It is also in Etnorj' River, up to 
Harriniaii Junction, Roan Co*, Tenn., and in Hivvassce River, at 
Kircaunon Ferry, Meigs Co., Tenu. In the Tennessee below' Knox¬ 
ville, and down to Chattanooga, it Is extremely abundant. 

Tyffe locality: Ohio River, 

34. EU.IFT10 DiLATATts (Rafinesque), 1S20. 

U«io dslatatits Rahnesque, ’20 .—Unio ffibbosm Lewis, *yi.—U«io 
gtbbosus Pilsfary & Rhoads, 'g6,—Elliptto gibbosus Orhnann, 
T2&, p. ayi (anatomy).—£/h>ho dilatatus Ortmann, ’i3h, p. 311, 
Eitiptio gibbosns Goodrich, 'ijr p' 9 +—Utito gibbosiis Simpson, 
'Mr p- 5 '97—i^ttio diYflJa/idj: Vaiiatta, ’15, p, 555 .—diiatata 
Utterback, *16, p. 90, 

Common, in large rivers as well as in small creeks, possibly the 
most widely distributed species in the upper Tennessee region, so 
that it is heard[y rectuired to name special localities. However, it 
should he mentioned that it is one of the species which go up, in 
French Broad River, to Asheville, Buncombe Co,, N, Car. (Walker 
coll.). 

In our region, this species is of moderate size, and purple color 
of the nacre prevails; only specimens from the French Broad are 
more frequently vvhite-nacrcd. 

Type locality: Ohio River flhe type is from Kentucky River, ac¬ 
cording to Vanatta), 

Genus: Lastena Rafinesque (iSao). 

Ortmann, Tah, p. 297, and *15, p. 106, 

35. Lastena tATA (Rafinesque), 1820. 

Anodonla hta Rafinesque, '20.— Margaritana dehiscens Lew'ls, ’71. _ 

Laslena lata Goodrich, '13, p. 94 .—Ldsieita lata Ortmann, Tj, p. 
loG (anatomy ),—Lastem lata Vanatta, '15, p. 35,^, 
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Reported from Tennessee River, below Knoxville: (Lewis), and 
the Holston Rivlt (Call). I have never found it in the Holston^ hut 
only in the CHneh, at Edgemoor and CLintonp Anderson Co., Tenn,; 
at Oakman, Grainger Co., Tenn, In the Walker collection it is from 
Qinqh River at Clinchpart, Scott Co., Va.; and I collected it still 
farther np at St. Paul, Wise Co^* and Cleveland, Russel Co., Va. It 
is undoubtedly a rare shell. 

Typ^ locality: Kentucky River. 

Subfamily: AKOTSOXTIN^^ Qrtmann. 

Ortmann, !9ro, p. ny. 

Genus: Lasmicona Rafinesque (1831). 

Syfnphynota Lea (1829)^ Ortmann, ^i 2 b, p. 2S0.— Li^smigona Frier¬ 
son, "145, p. 40. 

36. Lasmioonia (Sulcularia) badia (Rafinesque), 1831. 

Alasmodon badium Rahnesquc^ ^31. —Margariiana holstonio Lewis, 
'yi ,—Symphynota hohton{h) Goodrich/i3tp.94^— 
holstonia Simpson, ’14, p. 502.— Symphy^wia {Suladdria) badiu 
Frierson, '14a, p. 7.— Symphyjiota (Alasminoia} h oh Ionia Ort- 
maunn '14. P 43 (anatomy). 

The subgenua Alasmhwio Ortmann, "14, p. 42, is synonym to 
Sfdcidaria Rafinesque, "31; see Frierson, 1, c, 

A characteristic small stream species, abundant locally, and re¬ 
ported by Lewis from small streams in Monroe Co., Tenn., and by 
Call from tributaries of tlie Holston in East Tennessee. 

The largest streams where I have seen it are the upper Holston 
proper at Church Hill, Hawkins Co., Tenn,, and the Hiwasscc, at 
Anstralt Polk Co,, Tenn, In hotli cases the specimens came from a 
small slough. In the headwater streams, it is in upper Powell, in 
Va., in the uppermost Clinch in TaKtwell Co., Va. s in Little Mocassin 
Creek^ Scott Co-t Va,; South Fork Holston at Bluff Sullivan 
Co., Tenm ; Watauga River, Carter Co„ Tenn. 

Other small streams are the following: Cove Creek, Campbell 
Co.j Tenn, (to Clinch) ; Bull Ritn^ Knox Co., Term, {to Clinch); 
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Big Creek, Hawkins Co,. Tenn. (to HoUton) j Long Creek, Cocke 
Co., Tenn. (to French Broad) ; Little Pigeon River, Sevier Co-, 
Teiin. (to French Broad) ; First Creek and Tliird Creek. Knox Co., 
Term, (to Tennessee); Pinej- River, Rhea Co., Tenn. (to Tcn^ 
nessec) ; Conasauga Creek, Monroe Co., Tenn. (to Hiwa$see); 
South Chickamauga Creek, Catoosa Co., Ga. (to Tennessee). 

I'htis this species has practically a universal distribution in our 
region, but it strictly avoids larger streams. 

Type locality: Small streams of the Knobs. Kentucky (head* 
waters region of Cumberland and Kentucky Rivers}^ 

37 - LyVSMiGONA (LaSjjigona) costata (Rafinesqiie), 1820. 

Ahsmidonta cosiata Rafinesqne. ’ 20 .—MargarUatsa rn§osa Lewis, 
"71—Alasmodonta rtujosa Pilsbry & Rhoads, '^.—Symphynota 
costafa Ortmanti, 12b, p. 283 (anatomy).— Symphynota cost&lB. 
Ortmanii, ’13&, p. Symphynota costata Goodrich, ’13, p. 1)4, 
—Symphynota {Lasmigotia) coetata Simpson, '14, p. 4SS. 

A common species, most abundant in small and medium-sizea 
streams, rarer in the larger rivers, hut not absent there (Tennessee, 
lower Clinch and Holston). Goes up, in the Powell, to dinger, Lee 
Co., \'a.; in the Clinch, to Cedar Bluff, Tazewell Co., Va.; it is in 
Emory River; goes, in Korih Fork Holston, to Saitville, Smyth Co., 
Va.; in .Middle Fork Holston, to Chilhowie,* Smyth Co,. Va.; in 
South Fork Holston, to Barron, Washington Co.. Va.; in W^atauga, 
to Johnson City, Washington Co., Tenn. It is also in South Cliicka- 
mauga Creek. Ringgold, Catoosa Co., Ga. 

Type locality: Kentucky River. 

Genus: Akchwnta Lamarck ('799). 

Ortmann, ’12b, p, 286. 

38. AnODOSTA QIIANUtS CIGANTEA (Lea), [834, 

Anodonta gigantea Lea, 'i^~Anodo»ta grattdis (i„cl. gigantea) 
Ortniann, 'lai, p. 292 (anatomy).—p«r«d£r gigantea 
Simpson, '14, p. 420. 

No Anodonta has ever been reported from the upper Tennessee 
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rc^on. However, in the collection of B. Walker, there are two lar^e 
speeimcna of a form of Anodonitt graJidis Sayp collected by Mr. M. 
D. Barber, of Knoxv^ille, in a “small mud pond near French Broad 
River, S miles above Kiiojcville/* The largest has a length of i6S 
mrn.p the other of 127 mm. In the latter, the beak sculpture is vis¬ 
ible, and corresponds to that of A^ grandh; it has white tiacrCp and 
much resembles specimens of the var. gigafitea Lea^ as found in 
western Pennsylvania. The other (larger) is a little distorted anti 
tapering behind, and has pale purple nacre, resembling in these char¬ 
acters some of the southern forms of the species. 

The occurrence of this form in this isolated localit>^ is quite re¬ 
markable, but supports tile view tJiat Anodanfas may possess excep¬ 
tional means of dispersal. According to more detailed information 
obtained by Mr. Walker in 1916 from Mr. Barber, the pond is 
'^plainly nattirah some 4 or 5 rods long by 2 rods wide, with soft 
deep mild. There was a small stream of water running to the 
French Broad River, just a short disiance. This was lo or i r years 
ago/' Two years agOi I took a nephew and found the same pond> 
but although we waded the pond in eseiy direction, up to our knees 
in miidp w^e could not find even a fragment of gigantra. A man liv¬ 
ing near there said he had seen large shells in another pond near, 
but I have not examined it.'* These ponds, a short distance from the 
river, probably are on ihc flood plain of French Broad; the writer 
has not been able to locate them on the U* 5. Geol Surv. maps. 

Type locality: Port Gibson, Oaibome Co.* Miss. 

Genus: Akcjoontoides Simpson (1S98). 

Ortmann, isfr, p. 

39. AN0D0NT01DE5 FERL'SSACIAKUS (Lca), 1834. 

Anodeiita ferussactma Lea, "34.— Anod&titoides f^mssachnus Ort- 
manttp p. 294 (anatomy ),—ferKsmeimus 

Simpson, '1+. P- 

Anedmia obliia (?) Lewis^ ^71, may possibly stand for this 
species. Lewis doubtfully reports this from the Tennessee below 
Knoxville, but this probably is a mistake. Originallyp A, oblita Lea 
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and Anodotila demgrata Lea, which arc this species, have been de¬ 
scribed from Campbell Co.^ Teiin.: this is surely m the Cumberland 
drainage, since Wilson & Qark report h (’14) from Clear Fork* at 
Jellico^ Campbell Co., Tenn,, and other places in the upper Cnniber- 
land region in Kentucky (I found it myself in Cumberland River at 
Orby, Bell Co., Ky,)^ 

In the Walker collection are two specimens from Powell River, 
Lee Co., Va., collected by G. F. Sword. There is no mistake about 
them, and thus this species must be listed with the upper Tennessee 
shells, although known only from a single and somewhat indefinite, 
locality* and remarkable for its absence all over the test of this 
region. 

Type tocality: Ohio River, Cincinnati, Ohio, 

Genus: Al.^smidonta Say (iSrS). 

Ortmann, p, 294, 

40. Alassijdokta (Pressodoxta) Mixna (Lea), 1845. 

Margarilana fninor Lea, * 45 . — MdrgarUaiJ<i mtnar Lewis, ^ 7 ^-— 
Alasmidonia {Pr^ssod&niii) minor Ortmann, p. 295.— 
p. 46 (anatomy).— Ahsmidotifa mmar Ortmann, p. 311- — 
Ahstnidanta minor Goodrich, ^13^ p. 94.— (Presso- 
donta) minor Simpson, "14, p. 49S, 

A chameteristie small creek species, locally abundant. It is found 
all over the region, bul strictly avoids the medium-sized and larger 
rivers, I have never seen it in the Clinch South of the Va^-Tenn^ 
state line^ and never in the Holston proper* I know it from the fol¬ 
lowing stations. 

South Fork Powcll^River^ Big Stone Gap, Wise Co.^ Va.; North 
Fork Clinch River* Taxewell, Tazewell Co.* Va. (Walker colL): 
Qinch River* Cedar ElufF, and Richland, Tazewell Co., Va.; Oinch 
River* Cleveland, Russell Co.* Va.; Qinch River, St. Pauh Wise Co., 
Va, I Clinch River* Speers Ferry, Scott Co., Va.; Brush Fork (tribu- 
tar)' to Poplar Creek and Clinch), Marlow, Anderson Co., Tenn,; 
Big Mocassin Creek; Mocassin Gap, Scott Co+s Va.; North Fork HOl¬ 
sten River, Saltville* Smyth Co.* Va*; ^liddle Fork Hols ton River* 
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Chilhowie, Smvnh Co., South Fork Holston River, Barron, 

Wasliin^on Co,* Big Creek ( tributary' to Holstom), Rogerville, 
Hawkins Co., Tenn. (Walker coll.); Little Pigeon River, Sevier- 
ville, Sevier Co.^ Tenn.; Boyd Creek, Boyd Creek, Sevier Co., Tenn.; 
Little Kiver, Jtelrose, Blount Co,, Tenn.' Pistol Creek, Rockford, 
Blount Co., Teiin.; Conasauga Creek, Nionroe Co., Tenn^ (Walker 
coll.); South Chickamaiiga Creek* Ringgold> Catoosa Co., Ga. 

Type loc^ility: Tennes^e (and '“ North Carolina,^" but no exact 
locality given). 

41. Alasmidoxta (Decl'ra\ibis) masginata (Say), 1S19. 

Alasmodonfa fn^rglnata Say, "19. —Margaritana ntarghiala Lewus, 
*ji,^Atasmpd&nta margiimta Pilsbty & Rhoads, '96— Alasmi^ 
doitta margmata Ortmann, "i2i,p.397 (anatomy).— Ala^mid&nta 
marghidta Ortmann, "135, p. 311 ,—marginata Good¬ 
rich, "13, p. 94-"..'Jfaj««fdojf^a (Riigifcra) mafginata Simpson, 
*14, p, 504. 

As to the siibgenus D^cHrfljwHr Raf., *31, see Frierson, ^140* p. 7. 
Generally distributed over the w hole upper Tennessee region, but 
apparently more abundant toward the headwaters. Goes, in the 
Poivel!, to Oltngerp Lee Co.> Va. ; in the Qinch, to Richland, Taxe- 
^vell Co., Va-; in the Forks of the Holstou,to Saltville and Chilhowie^ 
Smyth Co., Va-t and is also in Big ifocasSin Creek, Scott Co., ’\^a- 
Pilsbry & Rhoads report it from Watauga River at Johnson City, 
Washington Co., Tenn, It is also In Ocoee River, at Ducktown^ Polk 
Co., Tenn. (Walker colL). 

Type locality: Scioto River* Chillicothe, Ohio, 

42. AtJ^MiDOXTA (Decurambis) raveneliana (Lea), 1S34, 

Margaritaaa mvcneliam Lea, '34.— Ahsmidanta (Rngifera) raz^ene- 
liana Sinipsoo, '14. P- 507* 

Differs from A, margitiata chiefly in the absence of rugosities on 
the posterior slope. However, in very young spediuens^ traces of 
them are sometimes scen^ so that this characteristic feature of the 
subgenus Decurambis (Rugiferd') is still iiidicated. TIus form un¬ 
doubtedly is an offshoot of the margmata^^tock, separated from the 
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rest in the high mountains of North Carolina^ and developed there 
into a good species. 

The type locality is French Broad and Ssvananoa rivers, Ashe¬ 
ville* Buncombe Co.p K. Car. I have not been able to find this species 
there, for the French Broad is polkued in this region (lumher indus¬ 
tries on Davidson River). But I have rediscovered it in Big Pigeon 
River, at Cantonp Haywood Co., K. Car., where it b not rare at the 
proper places^ 

Specimens from North and South Fork of the Cumberland 
River/^ referred to this species, do not belong here, but arc a form of 
murginaia^ with well-developed rugosities upon the posterior 
slope purpurea Raf.± ^31) h 

Genus: PEorAS Simpson (1900). 

Ortmann, ^14, pp. 45 and 65 (as sul^enus). 

On account of the very peculiar glochtdia I consider it better 
to retain Pegiaj as a genus, closely allied to Alasutidonia. 

43. Pegias fabula (Lea)p tSjS. 

Margarita {Margaritana} fabiila Lea, ^36,— Alasmidanla fabula 
Ortmann, ^13^, p. 311.—.dioJifiJiftJHlo (Pegias} fabnla Ortmann, 
^14, p. 65 (anatomy).— Pegias fabHla Simpson, ^14, p. 473- 
A rare species in the upper Tennessee dram^e, apparently pre¬ 
ferring smaller streams. Possibly it has been often overlooked on 
account of its small size and the peculiarity of being generally much 
eroded, I know it from the follotviitg localities. 

Wallen Creek, Lee Co., Va. (Walker colh); Powell Rlvetj Dry- 
den, Lee Co., Va,; Big Mocassin Creek, Mocassin Gap^ Scott Co.+ 
Va.: North Fork Ilobton River, Saltville, Smyth Co.^ Va.; North 
Fork Holston River, Holston, Washington Co, (Walker colU) and 
Mendota, Washington Co.* Va.; South Fork Holston Rivers Pac- 
tolus, Sullivan Co., Tenn, 

Type hcality: Cumberland River, Tcnn. 

Genus: Stropiiitus Rafincsr|ue (iSao)^ 

Ortniann, p, ^99. 
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44. Stsophitus EDENTULus (Say), rSag, 

Ahsmodont^i i^dcntida Sa>% '39 ,—Anodonia edcfittdn Lewis, *72.— 
Ahsfnodoftta cdcrUula Pilsbry & Rhoads ,'96,— Str&phiitts cdm- 
tidus Ortmann, ^ 125 ^ p. 299 (atmtoniy) — ed^ntulns 
OrtmartHp ^1$^, p, ^11.—Stf(fphittis cdj^ntutus Goodrich, *13, p. 
94 ,—Strophitus edcniuhis Simpson, '14, p. 345. 

Walker thinks that the upper Tennessee-form might be distin¬ 
guished from the normal ednifrfjf^tf as var, j/iflcjfrnonwj ( Lea)* He 
believes that the latter is more compressed and more projecting an¬ 
teriorly! and has more frequently reddish nacre. In the average^ this 
appears to be correct, yet there are many specimens in my rich mate¬ 
rial which do not e.\htb[t these character$, and cannot be distin¬ 
guished from specimens of the normal edenhdus, as found, for in¬ 
stance, in western Pennsylvania, Thus I do not think it advisable 
to separate the two forms. 

This species is abundant^ both in larger rivers and smaller 
streams ; in the Tennessee^ in the lower French Board! l^be Uolston 
and its forks and tributaries^ and all over die Qinch and Powell 
drainages. It goes up, in the Powell, to Big Stone Gap! Wise Co., 
Va.; in the Ginch to Cedar Bluff, Tazewell Co., Va.; in the Forks of 
the Hojston, to Saltvtlle, Smyth Co., \^a., and Bluff City^ Sullivan 
Co.p Tenn. 

It has not been found by myself in the caslem tributaries of the 
Tennessee soutJi of the French Broad^ but possibly this is accident ah 
Type locally: Wabash River. 

Subfamily: LAMPSILIN.;E Ortmann^ 1910, 

Ortmann, '10^ p. 118- 

Genus: Ellipsarja Eafmesque (1820)^ 

Ptychobraiichiis Stmpson, "oo.—Ortn^nn, l^bp p. 305 .—ElHpsaria 
Frierson, p. 7. 

45. Ellipsahia FAsctOLAJits {Rafinesquc), 1820, 

Obtiquaria fasciolaris Rahnesque, ^20 .—Umo Lewis, ^71. 

—[ 7 rjiu phaseoJiis Pisbry & Rhoads* '96 .—FlyehebriiJichiiS 
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phaseolu;^ Ortmann, 'lafr, p. 506 (nnatoiri )-).—Piychobranchiis 
phascoliis Goodrich, ^13, 94,— Ptych^brunchus plwse&Jus Simp¬ 
son, '14, p. 333.^— EUip^aria fasciolaris Frierscm, Vi+o, p, 7,— 
Ptychobrauchiis fasciolaris Vanatta, ^iSh p* 554^ 

Widely and uniformly distributed over tlie upper Tennessee 
region, but nowhere in great numbers. In the Tennessee, French 
Broad, Holstoji^ Clinch^ lower Emory^ and Powell. It goes pp^ in 
the Powell, to Pennington Gap, Lee Co., a.; in the Qinch. to Oeve- 
land, Russell Co., Va.; in North Fork Holston, to Mendota, Wash¬ 
ington Cor, \'‘a.; in South Fork Floktoiu lo EmmetSullivan Co., 
Tenn. It is one of the species which has been reported from French 
Broad River, at Asheville, Btincotnbe Co., N, Carn It has not yet 
been found in Little River, Little Tennessee, and Iliw^ssee, but it 
is in South Cbickamauga Creek, at Ringgold, Catoosa Co.* Ga. 

Type locality: "Ohio, Wabash, Kentuck)' rivers,” {The type is 
from Kentucky River* according to Vanatta.) 

46. Et.LTPSARlA SUBtESTA (Say), 18^5. 

Unh subteutiLs Say^ *25 .-—Uttio ssibteutus Lewis, *71 .—Umo sab- 
tciitus Pitsbry & Rhoads, '96 .—Ptychobraficinis subientHS Ori~ 
m^nn, p, 30S (anatomy ).—subtenins Ort- 

mann* p. 311 .—Pfythobronchus sHbtentus Goodriebt P- 

94 -—Piychobranchus subtentum Simpson^ ^14, p. 339. 

Known from Tennessee, Powell* Clinch, Holston. and Nolichucky 
rivers, but more abundant toward the headwaterst and rather rare 
in the big rivers. Goes up to Big Stone Gap, Wise Co., Va.; to 
Cedar BlulT, TazeweH Co,# \^a.; and to Smyth Co., Va. fin North 
and Middle Fork Holston). Also in Big Mocassin Creek* in Scott 
Co., \"a. Thus it ascends^ in the small streams, father than 
fasctolaris. In the headwaters it is locally quite abuiidant. 

Type locality: North Fork Hoiston River (Say says in South 
Carolina, but this is in Virginia) (topotypes examined)+ 

Genus: OtitiQUARiA Rahnesqne (iSao). 

Ortmann, '12^, p., 309^ 


UPPER TENNESSEE DRAINAGE, 


565 


47. OfiLiguAsiA HEft^xA Rafinesqiie (1820). 

Obliquaria refie-ra Rafincsquc, "20. — Unio corttultis Lewis, '71. — “ 
Umo forMiihtf Pilsbry & Rhoads, '96,— Obliquaria reficxa Ort- 
mann, '12b, p. 310 {anatomy).—OWi^HarHi nffexa Simpson, '14, 
p. 330- 

Only in the larger rivers, Tennessee below Knoxville (Lewis), 
and at Rathhiirn, Hamilton Co., Tenn. (Walker coil.). Lower ' 
Clinch, Patton's Fern', Roan Co., Tenn. (Pilstry & R.l]oads). I 
found it in the Ginch at Solway, Knox Go.; Edgemoor and Ginton, 
Anderson Co., Tenn. In the Walker coll, is a specimen from below 
Agee, Campbell Co., Tenn. 

Ty^ic locality: Kentucky River and Letart Falls (according to 
Vanatta, the types are from the latter place, below Parkersburg, 

. W. Va.), 


Genus: CvpaocexiA Agassiz (1852). 

Ortmann, l ai, p. 3*2, 

48, CvpRocENLA STEGARt.^ (Rofinestjue), iSso. 

Obovaria stcyaria Rahnesqtic, '20.— Unto irroraUts Lewis, ’71,— 
Uttio irroratus Pilsbry & Rhoads, '96.— Cyprogaxia irrorata Ort- 
maiui, '12b, p. 312 (anatomy).— Cyprogenia irrorata Simpson, 
'14, p. ^26.^yprogenia stegaria V'aoatta, ‘15, p. 554. 

Known from the Tennessee below Kno'xville (Lewis), and the 
Holston, at Boyd Island, Knox Co. (Pilsbry and Rhoads), It is also 
in the Tennessee at Rathburn, Hamilton Co., Tenn, (Walker collec¬ 
tion). I traced it up, in the Holston, to Turley Mill, Grainger Co., 
Tenn.; and in the bwer Clinch it is quite abundant, going up to Oak- 
man, Grainger Co., Tenn, 

Type locality: Ohio River, 

Genus: Dromus Simpson (1900). 

Ortmann, '12b, p. 314. 
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49, Dfcosius DHoMAS (Lpa)p 1834, 

dromes IxBp '34.—Lewis, *7 *^—UuUf dr&mas 
Pilsbry & ElsoadSp ‘96.— Droifius dramas Ortmannj ^126^ p. 315 
famtoniy).^— Dramus drQ 3 Kas Simpson, ^14, p. 341. 

The typical fooii is rather swollen, and has a large knob or hump 
on each valve. Tills knob, however* is veiy- variable. 

This form is found in the Tennessee pTO|>er, It has been re¬ 
ported by Lewis from beloiv Krosivillc, and by Pilshr)^ and Rhoads 
from Chattanooga, HamsUon Co. It is in the Walker collection from 
Chattanooga and from Rathbiinip Hamilton Co. Pilshry and Rhoads 
report it also from the HoUtonn at Boyd Island* near Knoxville, I 
found it only in the Tennessee, three miles bclow^ Kno?<AillE^ 

There are occasional specimens^ which might be called by this 
name, in the lower Dinch and Holston, but in this region it is gen¬ 
erally replaced b>' the next form* with which it inter grades. 

Tyl^c locality: liarpcth River, Tenn. (and Ciitnberland River, 
Nashville, Tenn.). 

50. Dkomus paoMAS CAPER AT us (Lca)* 1845. 

Uttio caperaius Lea+ '45.—E/jiio caperaius Lewb, ^ 7 ^*^—Droinas 
caperoiiis Simpson, “14, p. 343* 

This form has lost the “hump,^' and it is more compressed than 
the noimal form. It begins in the Tennessee at Knoxville {Levvis)* 
and ascends both the Clinch and Holston, where it inlergrades* in the 
lower parts, with typical D, dromos^ In the Plolston, it goes tip to 
Holston Station^ Grainger Co., Tenn., and in the Gincln it goes to 
Qinch River Station* Claibome Co.* Tenn. It enters also the Powell, 
and goes up to Sbawanee* Claiborne Co., Tenn. 

It is quite abundant in the Holston in Knox and Jefferson Cos., 
although it is frequently associated here with the typical form+ and 
intergrades w'ith it. Its metropolis* how'dver, is in the Clinch from 
Anderson Co. upwardr and in the Pow^ell* where it is a pure race. 
Type lomlity: Ginch River (topolypes esamitied)* 

Sole: The tendency to develop here a more compressed form in 
the smaller rivers agrees entirely with the similar phenomenon ob¬ 
served in spedcs of fusemmo, etc. 
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Genus: Obovahia Ra^nesque (1820). 

Orlmann, p. 3m 

51. OmvARiA {Obovasia) fiEtitSA (Lamarck), 1S19. 

[/fim rftusa Lamarckp '19.— r^insa Ortniann, 331 

(anatomy).— Obotfarh (Ob&zvrh) rctusa Simpson^ *14, p. ago. 
Reported ]yy Cat! from the Holston Rivet in east Tennesseep but 
missing in Lewises list. There are specimens in the Carnegie Mu¬ 
seum (from the Smith collection) labeled: Tennessee Rivetj, Knox 
Co., Tenn_; and others in the Walker collection labeled: Holston 
Riverp Knox Co., and Holston River, Knoxville^ Term. In all these 
casesjp apparently, the Tennessee River at and below Knoxville is 
meant, I found this species only once: a young specimen in Clinch 
River, at Clinton, Anderson Co., Tenn. 

In the Walker collection arc also specimens from the Tennessee 
at Bridgeportp Jackson Co,, Ala.p and from Florence, Lauderdale Co.p 
Ala. (also reported by Hinkley)* 

Tims this species seems to belong to the upper Tennessee fauna, 
going up to Knoxynlle and into the lower Ginch i hut it apparently is 
very rare. 

Some of my specimens of O, siihr&tuiida from the Holston 
(Mascot) have slighly incurved beaks and purple nacre, and resemble 
reiusa to a dergee. Already Wilson and Qark {’14) have indi¬ 
cated a similar approaching of the two species in Curntjerland River. 
Type locality: ? (Nova Scotia per errorem). 

52. Oeovahia (Omivaria) subbotUxXda (Raiinesc|ue), 1820. 

Obtiqmria std}rohiHda Rafinesque, '20.—^^irfo circHhfs Lewis, ^71,^— 
f/iifo ciretdus Pilsbiy' & Rhoads, ^96.^— Oboi^rta circulus Ort- 
maunj (anatomy).—0£^^-'drib eireuhis Simpsonp 

'14, p. 291.— Obot^aria ^ubro£uHda Vanatta, ^15. p. 552. 

The identity of Oi^fjVjrrun'a snbr&tnnda and Ob&t^ria slriata 
Rafinesque with t/. drculus Lea has been recognized by Conrad in 
t834p who selected sttbroiuffda as namc^ which thus must be used. 

Apparently rare 111 the upper Tennessee region. Reported from 
the Tennessee below Knoxville (Lewis) p and at Knoxville (Calh 


56S 


ORTMAKN-^NAYADES OF 


and Pjlsbry Sl Rlioads), I knotv it only from the Hols ton Rh'dr at 
Mascot, Knox Co., where I found three spedmcns with the diameter 
of 6o, 6i and 6 z per cent, of the length. These must be placed with 
h'pical subrotiifid^f (diameter 6o per cent: and over). A fourth 
spcciineiiT found-associated with these has the diameter of 55 per 
cent,, and should bo called 0. ^ubroimtda {which s^*). 

In this region, tliere is evidently no tendency of this form to go 
into the small streams of the headwaters^ although niy specimens 
from the Ilolston indicate an inclination toward the small stream 
forni Icidgata, 

7 y/^c iQcahiy: Ohio River (t)"pe from Kentucky River^ accord¬ 
ing to Vanatta). 

S3' Obovaria (OlioV aria) subrotunoa levigata 
(R afinesque)^ 1820. 

Uriio ievig^fa Rahnesqiie, ^20,^— Obotvna (O&ozjunn) IctJS Simpson* 

^14^ p, 293.— Oboi^aria Iciigafu Vanatla^ ^15, p, 552. 

Already Conrad (1834) has seen that l^ igata Raf. is the same a& 
iciis Lea. 

This is the simll stream form of the main species* distinguished 
by greater compression of the shell (diameter less than 60 per cent, 
of the length). It is quite abundant In the tributaries of the Ten¬ 
nessee below the Walden Gorge (Sequatchie River* Tenn.^ Flint 
River and Hurricane Creek, ^ladison Ala., Eik River and Bear 
Creek). It intergrades here with the main species, as it does in The 
Upper Ohio region. 

From above the Walden Gorge, I liave it from South Chicka^ 
tnaiiga CrcEk, Ringgold, Catoosa Co., Ga. From the headwaters 
region, above Knoxvillep 1 have just two specimens from the Hol- 
ston, one front Mascot, another from Holston Station, Grainger Co., 
in which the diameter falls under 60 per cent, (to 55 per cent, in the 
first, to 57 per cent in the other). I have never seen a trace of this 
form in the small streams of this region. 

Type loeatily: Kentucky River. 
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Genus: Xepuhonaias Fiseher & Crosse (1895)^ 

Ortmann^ ^ 125 ^ p, 324. 

54. NEPURONAIAS LIGAMENTINA GIBE A {SinipSOn), 

Vftio ligament tin us Lewis, ^7 ^-—Unio ligtsMtieiftinifs Pilsbry & Rhoads* 
* 9 ®-— ^^ephn^naiQs iigamenfiiia (mcL gibba) Ortmann, ^I2&jp 
(anatomy).— Sephr&nntas Ugafni^niin^t gibhu Goodrichi ^13^ p. 
94 .—Lcmpsilis Hgamentmo gibba Simpson, '14, p. 82., 

The main species i$ not represented in the upper Tennessee 
region, although cecasional specimens turn up, which are hard to dis¬ 
tinguish from it. The var, i$ extremely abundant In all the 

larger rivers; Powell, Clinch, Holston, French Broad, Tennessee, but 
in the upstream direction it disappears before it reaches the head¬ 
waters region. In the Pow^cll* h has been observed up to Sbaw'angei 
Qaibornc Co., Tenn,; in the Clinch, up to St. Paul, Wise Va.; 
in the North Fork Holston, up to Hoistou Bridge, Scott Co,fVa. ; 
in the South Fork, up to Pactolus, Sullivan Co., Term. From the 
French Broad it also enters the lower part of the Xolkhucky, at 
Chunn's Shoals, Hamhkn Co.. Tenn. 

Type hcisltiy: "Ohio River and southward."* 

55, Nephkonaias peckhrosa (Conrad), 1S34, 

Uuio peciorosus Conrad, liav, ^Z 4 ^—Unw perdix Lea* August* ^34, 
—Unio bianguiaris Lea, '40 ,—Uiiio biauguhtus I^a, ^43.—C/Jiid 
biangtdnUis Lewis, ^t.—Urno bimjguiark Pilsbrj' & Rhoads, '96. 
^iKephromms perdix Orimann, p. 326 (anatomy),— 

Nephri>niiias perdix Ortmann^ 311 ,—Nephronaias perdix 

Goodrich, "13, p. 94 ,—LampsiliS biatignlarh and perdis Simpson^ 
PP- 59 ^ind 88. 

The date of publication of U. perdix Lea is incorrectly given bv 
Simpson as 1827. There h no question that btangtilaris and perdir 
are the same species^ and it is quite astonishing that this identity has 
not been recognised by Simpson, Recentlvp Frierson has suggested 
to me that tiMjilif Rafinesque* 1831, from Greene River, Ky,, might 

^ Possibly the generic name should Iw changed to compare 

Friersen* Naatilu^, 

rKoc. A«tii. fniL. soc., vol. lvii, u-, ocr. i, i^iS. 
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be this species. However, 1 hesitate to accept ibis, till it has been 
shown that this species actually exists in Greene River, 

fectorosa is found in the Tennessee below and at Knoxville 
(Lewis, Pilsbry S: Rhoads), but it seems to be rare there. Farther 
up^ it goes into Clinch,^ Powell, Holston, French Broad, and lower 
NolichucW, and it is also in Little River, It ascends toward the 
headwaters farther than does Ugamentina gibbaf and g^oes, in the 
Powell, to Pennington Gapn Lee Co,, Va.; in ihe Clinch to Cleve¬ 
land, Russell Co^t Va^; in North Fork Holston, to Saltville, Smyth 
Co., Va.; in South Fork HolstoUp to Barron^ Washington Co., Va,; 
and in the Watauga, to Watauga, Carter Co., Teim. Jusl in the 
region, where gibba begins to disappear (north of 

the Va.-Tcnn. state line), jV. pect&r^sa is most abundant and in its 
best development. 

Typt hcality: Elk River^ North Alabama. 

Genus: AmygdaLOnal^ Fischer & Crosse (1893). 
Ortmann* p. 3^/. 

56, Amvodaloxaias truscata (Rafinesque), iSm 

TrundUa tnmcala Rafines<5i3€t *20.—Unio ehgmis Lewis, "71.— 
Afnygdahnohs dtgans OrtmannT *i^b^ p. 32S (anatomy)«— 
Plagiaia (Amygdalonnics) clegans Simpson, ^14, p- 30J — 
Plagiola cUgafis Vanatla, *15, p. 553 .—Amygdalonoias trunufita 
Utterback, *16, p, 14B. 

Vanatta does not accept Rafinesque's specific name on account of 
Umo iruncata Spengler, 1793- However, these do not conflict 
( Walker, '16). 

Not abundant, and missing in the headwaters. Tennessee below 
Knoxville (Lewis); Clinch River, Solway% Knox Co.; Edgetnoor 
and ClintoOi Anderson Co.; Black Fox Ford, Union Co.; Clinch 
River Station, Claiborne Co.; Oakman, Grainger Co„ Tenn, Hoh 
Sion River, McBee Ford, near Hodges, Jefferson Co^* Tcnn, 

Type locality: Ohio River (type from Falls of the Ohio, accord¬ 
ing to Vanatta). 
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Genus: Piagioi.a RaRncsque (1820). 

Ortm&nn, '12b, p. 329. 

57, PiACioLA LJNEOLATA (fiafinesquc), 1820, 

Obliquaria tmeolata SafiResque, '20.— Unio sccftris Lewis, ’71,_ 

Ufiio securis Pilsbry & Rhoads, ’^.—Piagiola secitris Ortmann, 
12b, p, 329 (anatomy ),—Plagioh (^Plagiola) secitris Simpson, 
'> 4 f p. 304.— lineohta Vanalta, '15, p. 553.— Phgiola 
securis Walker, '16, p, 45. 

Of the names of RaAnes<^ue (^deptessa, tincofofii, and cHipsofimy 
given to this species, Hneolma has been selected by Conrad in 1834. 
(Walker, 1. c,) This name has been used also by Say, Agassia, and 
Call. 

Only in the lai^er rivers. Tennessee at and bdow Knoxville, 
also at Rathburn. HamiUon Co., Tcnn, (Walker collection). In the 
Clinch at Patton’s Ferry, Roane Co. (Pilsbry & Rhoads), and at 
Offutt, Anderson Co., Tenn. Rare. 

Type locality: Falls of the Ohio. 

Genus: Pailvpteiia Ortmann {1911), 

Ortmann, *l2b, p. 330, 

If the first species (hptodon) should actually belong here, the 
generic name must be dropped in favor of Leptodea Rafinesqtie, *20 
(see Frierson, ’140, p. 6), Utterback (»i6. p. 151) uses Lasntoms 
Raf. 


58 Paraptera {.eetodon (Rafinesque), 1820. 

Unio leptoJon Rafinesque, 'io.—Unh tenuissimus Lewis, '71 — 
Lampfilis {Propt0rB) leptodon Simpson, '14, p. 188.— 

Uptodou "Vanatta, ’15, p. 551.— Lasmosos leptodon Utterback, 
'16, p. 156. 

A rare shell. Lewis gives it from the Tennessee below Knoxville. 
In the Walker collection it is from the Clinch, at Needham Ford, 
Union Co., Tenn., and I found it in the Qinch at Edgemoor, .Ander¬ 
son Co., Tenn. I found it also in the Holston at Holston Station 
and Noeton, Grainger Co., Tenn. 
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Type loeahty; Lower Ohio River (Vanatta says that the type is 
from Kentucky' River). 

59. Parapteilv FRAciLiS (Rafi iiestjufi), i8m 

l/fjk? fragilis RaJinesque, '30 .^—Unw graeilis Lewis^ 'yi .— Umo 
gracilh Pilsbry & Rhoads^ "^96 . — Paraptera gracilis Ortmanji^ 
p. 331 (anatomy).—LoPH/pjifw (Praptem) ^raalis Simpson, *14 p 
p. 181 . — Leptodca (/) fragiiis Frier son j. ^140^ p. 7 .—Lampsitk 
fragilis Vanatta, ^15, p. 552 .—fragtHs UttErback^ ^16^ 
p, IS^. 

In the larger rivers, not rare. Tennessee River, below Knox¬ 
ville (Lewis) and Holston River, Boyd Island, near Knoxville 
(Pilsbry & Rhoads), In the lower Kolichucky at Qiunn's Shoals^ 
Hamblen Co,; up the Holston to Ilolston Stationp Grainger Co.; in 
the Clinch up to Clinch River Station, Claiborne Co.; in the Powell 
River, up to Combs^ Claiborne Co., Term, 

Type /oca/ity* Ohio River (the type is, aceording to Vanatta, 
from creeks in Kentucky)^ 

Genus: Pieopteil^ Rafinesque (1819). 

Orlmann, p, 333, 

60. Propthiha ALATA (Say), iSty, 

Unio aiatJis Say, "17.—L"wjo atafus Lewis^ yi.^Unio ahtus Pilsbry 
& Rhoads, 'g6.—PrQpierii alala Ortmann, "i2&jp-333 (anatomy), 
^Lampstlis {Proplera) ahia Simpson, "14, p. 162* 

Common in the larger rivers: Tennessee in Knox Co.; goes up 
the Clinch to Clinchport, Scott Co., Va.; np the Powell, to Combs, 
Claiborne Co,, Tenn.; it reaches the North Fork Holston at its 
mouth, at Rotherw:'CK>d, Plawkins Co., Tciin+ It is also in Fretich 
Broad River, and in the lower part of the Nolichncky at Chunn^s 
Shoals, Hamblen Co., Tenn. 

Type iocelity: ? 

Genus: Toxolasma Rafinesque (1831)^ 

Canffirif/tB3 (error ty^p.) Simpson, ’98. — Cdnoirri/md Ortmann, ^12^^ 
P- 337; 'Uf p. 6S.“Tdjo/ajnifl Frierson, *1441^ p. 7. 
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6i. Toxolasma LiViUUM (Rafinestju^), 1S31. 

Unw thidus Rafiiiesque, ^31 ,—Unw tnoestns Lea, '41,—Unio cytin- 
drcHfiS ’68 -^—Unic ghfU Lewis^ ^71,— U*do glans Pilsbry &: 

Rhoads^ ^96,— Loitipsilis (Cantnculina) cylmdreU^ and nwesta 
Sirapson, *14^ pp. 155^ 156.— T^xohsnm ikdda Frierson^ ^140^ 
p. 7. 

The tipper Tennessee form is n&t the real U, glans oi Lea C43)x 
as already hinted at by Pilsbry & Rhoads. The tatter is more swol¬ 
len, and has more Inflated beaks, and possibly, it is the big: river and 
lowland form of T^xi^Iasmit lividum^ 

Wliat Lea has described as U* ftwestiu (from French Broad 
River, Tenn.) imdonhtedly is this: I have specimens from Little 
Pigeon River (tribtJtary lo French Broad) ^ which are fully identical 
livirh moesitis. U. cylindrellus Lea (Duck Rivcr^ Tenn.) is in shape 
absolutely identical with Ik^idum; liovvever^ It differs by paler 
color of epidermis and nacre. Such pale specimens occa;siortal]y are 
found in tlie upper Tennessee drainage as individual variations. 
Yet it might be, that elsewhere (Tenneissee drainage in northeru 
Alabama, and Alabama drainage in Alabama and Georgia) this pale 
form becomes a distinct race. 

U. piiilus Conrad, "38, from the original locality, Watcree River, 
S. Car., may he a different species. But it is rather sure that the 
specimens from ^*VVann Springs, N. Car/* (=I-Iot Springs, Madi¬ 
son Co., N. Car., on the French Broad) are actually T. Ihddum^ 
There is great variation in the color of the nacre: it may be en¬ 
tirely dark purple, or may have (generally) a whitish margin along 
the edge of the shell; or it may (very rarely) have a pale, yellowish^ 
color. The epidermis is mostly blackish or blackish brown, but it 
may become pale brown or greenish brown. 

This si>ecies seems to have a wide range over the upper Ten¬ 
nessee drainage, but^ on the other hand, it seems to be rather local. 
I knotv it from the following localities^ Sbutli Fork Pmvell River, 
Big Stone Gap, Wise Co., Va. (VV^alker coll.) ; Powell River, Joncs- 
viUe, Lee Co., Ya. (Walker coll.) ; Shaw^anee, Qaiborne Co-, Tenn, 
(Walker colt.) : Greenes Ford, Lmion Co., Tenn. (^Valker coll.) l 
Ginch River. Speers Ferry, Scott Co., Va.; Emory River^ Harri- 
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man^ Roane Cor^ Tenn. * North Fork HoliStOP River, at Saltville^ 
Smyth Co+ (O, A. Peterson)^ and at Hokton^ Washington Co.j, Va. 
(Walker coll.); Hohton Bridge, Scott Co., Va, (Walker coll); 
Holston River, Rogcrsville (= Austin Mill), Hawkins Co., Tenn. 
(Walker coll ); Little Pigeon River, Sevicrville, Sevier Co., Tenn*; 
Pistol Creek, Rockford, Blount Co.^ Tenn. In addition, it is in 
Lewises list from the Tennessee below Knoxville. 

Type totality: Rc^kcastloRiver, Kj* Its actual presence in Rock¬ 
castle River, at Livingston, Rockcastle Ky*, ha$ recently been 
confimied by Williamson (as sec: Ohio Naturalist, 5^ 1905^ 

p. 3*0* Wilson Sl Clarkp 14^ do not give it from this place, but I 
have seen specimens in the Walker coll, from this locality, 

A ofe: This form is also present in the tributaries of the Ten¬ 
nessee in North Alabama, as has been indicated long ago by Conrad. 
It also seems to be represented in the Alabama drainage, hut from 
this region it generally goes under the name of C^rzrunculus Lea, 

1 have a number of specimens of the latter before me* which 1 cannot 
distinguish from the upper Tennessee form. 

Genus: L&miox Rafinesqiie (18S1), 

Friersots, '140, p. 7*—Ortrnann, ^16, p. 39, 


6^;, Lewiox RfMoSus (Rafinesque), 1831. 

Lin'o rimosus Rafinesque,'31*— Umo cartatas Lewis,’71.— Micri^mya 
carlaia Goodrich, "13, p, 94, — Micr^mya r^fa/a Simpson, "14, p. 
34-—Lewiioj: rimoms Frierson, *143, p. 7,— Lemiox rimosui Ort- 
mann, '16, p, 39 (anatomy)* 

This spedes has been reported from the Tennessee below Knox¬ 
ville (Lewis), and from Powell Clinch, and Holston rivers (Call), 
It seems to have a wide distribution, but it is found nowhere in 
great numbers, and is thus a rare shell. In the Pow'ell, it goes up to 
Jonesville, Lee Co., Va.; in the Clinch, to St. Paul* Wise Co., Va.; 
in the North Fork Holston* to Hokton, Washington Co.* Va. It is 
found here and there in the Holston proper and the lower Clinch, 
but I have never seen it in the eastern tributaries of the Holston- 
Tennessee system* 
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Typf locality: Ciunbetland River (not reported from the Cum¬ 
berland drainage by Wilson & Claii:, '14)- 

Genus: MernoNtnus Simpson (tgoo). 

Ortmann, '126, p. 3J4: ’15, p. 143. 

63. MEDioNmus pl.^teolus (Rafinesque), 1831. 

Unio plateoUis Rafinesque, *31 .—Unio conradicus Lewis, '71 .—Uiiio 
conradiattii$ Pilsbry & Rhoads, *g 6 ,—Mcdionidus conradiais Ort- 
mann. ‘izb, p. 335, and ’15, p. 143 (anatomy ).—Mcdiottidus con- 
radicus Ortmann, '13^, p. 311 -—Medionidus cotiradictts Good¬ 
rich, ’13, p. 54 .—Mediotiidta conradicus Simpson, ’14, p, 247, 

The identity of U. platcofus and conradicus Lea {'34) has been 
suggested to me by Frierson, and I think, this is correct. 

Very abundant in the headwaters and in small streams generally, 
but quite rare in the lai^er rivers. It has been found practically all 
over our region, and often goes up into.the smallest streams which 
contain at all Nayadcs. It is hardly worth while to record single 
localities, and it sufhees to say that it i$ in the Powell, Qinchj and 
Holston, and their tributaries; in the French Broad, it goes up to 
Asheville. N. Car.; it is in Little River, and in South Chickamanga 
Creek, Ga. From the Tennessee proper, below Knoxville, it' has 
been reported by Lewis. 

Type hcaiUy: Falls of the Cumberland River. (Its existence at 
this place, below the falls, has been confirmed by Wilson & Dark, 

'14.) 

Genus: Euevnia Rafinesque (1820). 

Ortmann, ’126, p. 

64. EuavNiA (Micromya) fabaus (Lea), 1831, 

Unio fabalis Lea. *31.— U»io fabolis Lewis, 'yi.—Eiirytiia (Mi- 
frowyo) fabalis Ortmann, 'itb, p, 339 (anatomy).—Enryitia 
fabalis Goodrich, ’13, p. 94 .—Mkromya fabalis Simpson, 't4, 
p. 33 - 

Rather rare, but possibly in part overlooked. Lewis gives it 
from Tennessee River, below Knoxville, and the Walker collection 
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has it from Temiessee River, Little River Shoals, Knox Co., Tenn. 
I found it chiefly toward the headwaters, in rtnvell, Qinch, and Hol- 
ston. In the Powell, it goes up to Combs, Claiborne Co., Tenn.; in 
the Clinch, to Qevelaiid. Russell Co., Va,; in the North Fork Hol- 
Bton, to Hilton, Scott Co., Va.: in tlie South Fork, to Pactolua, Sul¬ 
livan Co., Tenn. It seems to be absent from the eastern tributaries 
of the system* 

Type iocaliiy: Ohio River, 


65. Et'RYNfA (JltCHOJivA) TRAavLis (Cqnrad), 1S34. 

Lbi.0 rrata/ij Conrad, {Mkromya) trabaUs Ortmaiin, 

Extremely rare. I found a single specimen in Qinch River, at 
Speers Ferry, Scott Co„ ^^a.; another one in South Chinckamaiiga 
Creek, Ringgold, Catoosa Co.. Ga. \ and three specimens in Hiwassec 
River, at Austral. Polk Co„ Tenn. At the first locality, it was asso- 
ciated with tlic next sp&cies. 

The only difference of E, trahalis and peTpurpurca is, that the 
^rmer has white, the latter purple nacre. The specuncus from the 
Hiwassee are exceptionally large, and do not taper so much behind 


. * metropolis in the Cumberland 

eni ( ^Ison & Clark, ’14). Call cites it from Clinch and Poweil 
^nnessee, but Lewis does not mention it from the Hol- 

whnT.* tTt ^ “®ver seen a trace of it 10 the 

“> il is ra« is tht 

Ts, ot'^r Cs^sgis Musesm 

Co aL 1!""“ !l°"l ‘ 1’*"“ rssksos 

Co., Ala. It „,.y bo ftj, „J. Chktatoauga Cretk sod 


66. EvRYXtA (Micsciiiya) P£:ftPL'HPt;RE.\ (Lea) 1861 

P- iii,^Euryn\Q /iifr^nr^Hrto Goodrich 'in n a, j. v- 
Simpson. ’.4. p. 

p-rf^^o Ortasnn, ■.5. p, 64 (M^rc^ya) p,,. 

'■si- P. 340 t<n»ton.rt.^„,„p,j,j, ^ 


L'PPER TENT^ESSEE DRAIKAGE. 


577 


This may be only a variet3' with purple nacre of E. trabalis^ but 
I have not yet seen any intergrades. 

It is characteristic for the Clinch River, where it is not rare in 
Virginia (from Speer's Ferry, Scott Co., up to Cedar Bluff, Taze- 
weU Co.). In addition, it is in the Powell at Olinger, Lee Co., Va. 
(Walker coll.); in the North Fork Holston, from Rotherwood, 
Hawkins Co., Tenn., to Mendota, Washington Co., Va.; and in 
Emory River, Plarrinun, Roane Co., Tenn. 

In the Tennessee and Holston proper, and their eastern mountain 
tributaries, no trace of this species has ever been found. 

Tyfie hcaHty: Tennessee. 

67. EuRYStA KEBCLOSA (Conrad), 1S34, 

Uitia tmhilosus Conrad, '34.— ( 7 iifV? citmbirrlaHdiamis Lea, ’36 — t/iifo 
cumberlandicus Lea, '38.— t/iiio notalnt Lea, ’3S. — Unio glaber 
Lea, '38.-~L'nio cre/terus Lea, mitirhlfeidiafnisr Lea, 

'38.-^1110 simus Lea, '^.—U«io obscuntj Lea. '38.—t/uio seig- 
Icnaaus Lea, '38.— U»iq amirnus Lea, '40 ,—Unio falmis T 
’40.—f/ttro dacJylti^ Lea, ’40.— ( 7 «w tener Lea, *40.—Unio regu- 
laris Lea, 41, f 7 «fo fjr»jVe»r Haldeman, '43,— Umo radious 
Lea, 57.- Unto joficsi Lea, ’59 .—Unto discreffans Lea, '60.— 
Unto scitultis Lea. 60. — Unio lingtwformis Lea, '60. — Utiio per- 
piftus Lea. ’6o,-U»!o ptanicostatus Lea. '60.—Unio tparus Ua 
-68.^L'«;o dUpa»M^ Lea, 'yi^Umo glaber, iris, amiherlondi 
anus, )oue», spams Lewis, '71, and '72,—Unio mxddffldtianns 
Pilsbrj' & Rhoads, '96,—^£rtry»Kr nebtdosa, dispansa, and plaui- 
castata Ortmann, '136, p. 311. — Enrynia vebtdosa Goodrich, ’(3, 
P* 94 . Enrynia {Micromyd) nebtdosa Ortmann, '15, p. 64 
(anatomy). 

Simpson, 14, has recognized the identity of a great number of 
these nominal » species," but not of all of them. He gives (pp. 119 
and 120) ; cifMi&erioiidtanuj (Cumberland R.,Tenii.); wotafus (Cum¬ 
berland and Holston R.,Tenn.); gJaber (Holston R., Tenn.) ; radians 
(Othcatoop Cr„ Gordon Co,, Ga.) ; jonesi (Euharlee Cr., Ga.) ; dis- 
ere/p(i«s( North .Alabama) ; .rrifir/ifs(Tuscumbia,Ala.) ; linguetformis 
(Cohimbia, Ga., and French Broad R., Tenn.); perphtws (Bull R. 
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and Holston R,); spams (Swamp Cr., Whitfield Co*, Ga.), and I am 
fully convinced that all these actually arc synonyms of nebulosMS. 
But I believe that there are many others, and on account of the ex¬ 
traordinary size of the list of synonyms, I think it advisable to make 
a few remarks as to these, 

U. creperus Lea, '3S (Tcmncssee), made a synonym of L. iris 
(Lea) by Sunpson (p* 115), is founded upon an old half shell, 
liardly recognizable, but it may be this. In the Walker collection is 
a specimen from Clinch R„ \'a. (Wright), labeled crepertts, which 
is distinctly H, ttebiiiosa. It is a male, has purple nacre, and distinct, 
ratlier broad, only slightly interrupted rays. 

U. dispansns Lea, 'yi (east Tennessee), has been put by Simpson 
(p. 106) in the synonymy of JL* ivninxcMieMJw; 1 think it belongs 
here. 

I/, puniceus Haldeman, ’42 (Simpson, p. 104) (Holston R., 
Washington Co., Va,). I have found forms corresponding to the 
description in the same region (topotypes), and they simply are If. 
tifbuhsa with a peculiar reddish-orange nacre. 

U. obscHra Lea, ’38 (Nashville, Tcnn.), and U. scigleriaatis Lea, 
’38 (Cumberland R,, Tenn.), made synonyms by Simpson (p. 117) 
are also this, with rather fine, uninterrupted rays, and purple nacre. 

(/.fatuus Lea, '40 (Holston R., Tenn,), and U. dactyltts Lea, 4^ 
(Cauey Fork R.. Tenn.), made synonyms by Simpson (pp, 
are rather elongated and unusually swollen forms of H. nebidosa, 
with the rays less developed, and not interrupted. 

(/, pfaNtcortotiif Lea, ’60 (Tuscumhia, Ala.) (Simpson, p. It/)- 
A strongly compressed male, with rays distinct, rather wide, and little 
interrupted. Such specimens are frequent, chiefly in tlie Clinch. 

t 7 . pjtifffif/fWiojiiiJ Lea, '38 (Cumberland R,, Temi.) (Simpson, 
p. 121). According to Simpson, only a single specimen is known, 
w’hich is undoubtedly this, probably a female- Pilsbry & Rhoads 
give this also from Watauga R., near Johnson City, Washington Co., 
Tenn.; near this place (\Vatauga, Carter Co.), I have found £, 

17 . aNKrath? Lea, ’40 (Holston R., Tenn.) (Simpson, p. 123). A 
typical female of E. iiebulosa, 

[ 7 . tetter Lea, ’40 (Eifi Pigeon R., Tenn.) and L'. regularis Lea, 
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"4r (French Broad R,, Tersji,), made synonyms by Simpson (pp, 122, 
123)* There are two specimens and ?) in the Walker collection, 
labeled tester (from French Eroad. Asheville, N. Car,)^ They are 
rather thin-slielled^ have ray&, which are fine, and subcointnuons in 
the male, but somewhat spotted in the female. They undoubtedly 
are a form o! E. vebal&sa. 

U, Lea, "3S (Cumberland R,, Tenn.) (Simpson, p. 123). 

A male, with strongly dcA-^eloped rays; specimens of this type occur 
frequently^ and are practically identical with C7, admitted by 

Simpson as a synonymi of nebulosns. 

This tremendous synonym indicates that we have to deal here 
with a very variable species. The variation concerns first of all the 
color pattern of the epidermis (rays). In the second line it is shown 
in the color of the nacre, the shape of the shell, and, of course, some¬ 
time^ the females have been made species" for the reason of their 
different shape. It is not excluded that additional synonyms may be 
discovered. 

iiebiilosfs belongs in the afEnity of £. ins (Lea), and has 
practically the same anatomy. Indeed, some of its forms are hardly 
distinguishable from E. iffj, and it may be that the latter is only tlie 
western and northwestern representative of it (that of the Ohio 
drainage). Thus it is also explained why iris has been recorded for 
the upper Tennessee River (Lewds), 

According to my observations, there is only mie species of the 
fVtr-group in the upper Tennessee region. It is generally an elon¬ 
gated-elliptical shell, more or less pointed behind in the male, slightly 
dilated and rounded posteriorly in the female, of a yellowish, green¬ 
ish, or browmish color, covered more or less with rays, which nor¬ 
mally are well developed^ and very often broken up into spots. 
These rays may be fine or wdde (in the female, they are often very 
broad and distinct on the dJIaied part of the shell), may cover all 
of the shell, or only part 01 it, and may be indistinct or nearly miss¬ 
ing. The interior of the shell may be white, or of all shades of 
salmon, orange, pink, or purple. 

Although I have tried Jiard, I have been unable to separate this 
group of forms into species, and it is also imposstble for me to dis¬ 
tinguish local races. It is true that sometimes specimens from a cer- 
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tarn locality^ chiefly from some small creeks, shovt iiniforra and pe^ 
culiar characters, but this holds good only for short distances. In 
the longer rivers (Powell, Clinch, Hobton) the variation is consid¬ 
erable and irregukt^ apparently without any recognizable rules. 

The distribution of £. nebuhsa extends over the whole of the 
upper Tennessee region, but the species decidedly favors the head¬ 
waters and smaU streams^ and often goes up to the uppermost limit 
of Xayad-distrihuticin in this region. It is not necessary to give a 
list of the localities: it is practically everywhere in the Powell, Clinch, 
Holston, French Broad,, Little River, Hivvassee. (It apparently is 
only accidental that it lias not been recorded from the Little Ten¬ 
nessee,) It is also in Chickamaiiga Creek, and it deserves special 
mention that it goes up, in French Broad, to Asheville, K, Car. 

In the larger rivers, this species is rare, yet it is present. 

In addition, £. nebnhsa has a wide range not only in the Cumber¬ 
land drainage, but also in that of the Tennessee in North Alabama^ 
and it also has invaded the headwaters of the Coosa-Alabama system 
in northerh Georgia and Alabama^ It is vei^' singular that Wilson 
Sl Clark ('14) do not mention it in their paper on the Cumberland 
shells, although a good number of the s^vmonyms have titeir type 
locality in this system. 

Type hcaliiy: Black Warrior River^ Ala.. 


68. Euhvnia (MiCROiiiYA) VAXL'XRMENSis (Lca), 183S. 

Uiiio z-aum-ernensis Lea, '38 —Unh nifetts Lea. "40.—i/ni> nwi- 
brosits Lea, ^57 {=umbrans Lea, "57), tenebrtais Leat 
"57.—f/ijju pybasi Lca^ *58,^— U»ii> fabaccus Lea, '6 e —Unw copei 
Lea, " 63 ,—f/itto pybasi Lewis, L-wio pybasi and caliginos^is 

Pilsbiy^ & Rhoads, ^96.— Euryjii^ (Micromya) 

Ortmann* p. 34^,—^15* p. 65 (anatomy ).—Nephronaws 
copd and Eurynm vanuxemends Ortmann, '136, p. 311 —Friryw/a 
vsttiLTcmends Goodrich, ^13, p. g^.—Umpstlu vafiuxcmcnsis 
Simpson, "14, p. loS' 

C/ttio dis^paHSUs Lea, 7^^ placed by Simpson here, belongs to £- 
nebuhsa (see above). Probably there are other synonyms. 

This shell is shorter and higher than £. riebulosa, has generally a 
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dark epidermis with indistinct or no rays, and a deep copper-colored 
or purplish nacre; rarely the latter is lighter, and even when whitish, 
it has at least some purple or reel The female is characterized by a 
very' strong dilatation of the posthasal margin, and very often, chiefly 
in old shells, it has a strong “constriction "-behind this dilatation. 

The distribution of this species is very similar to that of £. iic^h- 
/oju, preferring also the small streams, and very often the two species 
arc found associated. Also here it is unnecessary to give a list of 
localities, and it suffices to state that it is found practically over the 
whole upper Teiuiessee region. It should he remarked, however, 
that I did not And it in the headwaters of the Clinch (above Speer’s 
Ferry, Va.), but it may have been overlo(rficd here. While locally 
abundant in smaller streams, it becomes rare in the larger rivers. 

Also here, local races cannot he dislinguishcd, except that the 
shell attains, in certain streams, a much greater size than in others. 
This is the case, for instance, in the iliddle Fork Jlolston in Smyth 
Co,, Va,, w'here exceptionally targe specimens {U. iopei Lea) are 
found, while tlie North I'ork contains a smalt race. Specimens of 
larger rivers are also generally rather large and ivell developed, and 
often lack, in the 9 , the posterior constriction. Such specimens 
have a resemblance to U. lifttcsiis Conrad, being more drawn out at 
the posterior end. L''. liettosus is a southern form, not found in the 
Tennessee drainage. There is no doubt that Ut caliginosiis Lea 
recorded by Pilsbry & Rhoads from the lower Clinch, 
is founded upon such specimens. 

Also this species has a wide distribution in the Cumberland drain¬ 
age, the Tennessee drainage in Alabama, and the Coosa-Alabama 
system, and it is very likely' that also the form of the Cumberland, 
questionably referred to Uenosa by Wilson & Clark (*14), is this. 
Typ^ locality^' Cumberland River, Tenn. 

69. Euryma (EuEY^’I.^) RECTA (Latnarck), 1819. 

Unto rectus Lamarck, '19,—C 7 in'o rectus Lewis, ‘”t ,—Unio rectus 
Pilsbry' & Rhoads, '96,—EMryiim (EKrym’o) recta Ortmann, 'la*, 
p. 344 (anatomy).—Enryjfifl rrefn Goodrich, '13, p. 95 -—Lawi^- 
sitts recta Simpson, '14, p. 95. 

Abundant in the larger rivers: Tennessee in Knox Co., lower 
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French Broad and lower SToIichucky (Hamblen Co*): all the way 
up the Ilolston to the North Fork at Rotherwood. Hawkins Co!. 
Tenn* Also in the Clinch up to St. Paul. Wise Co., A'a.. and the 
Powell up to Conrbs, Oaibome Co.. Tenn. 

Type locality: Lake Erie (tintypes examined). 

Aole.‘ The Lake Eric form differs somewhat from that of the 
central basin. If it should be found to be desirable to express this 
in nomenclature. E, recta should be reserved for the lake form, and 
E. recta latissima (Rafinesque), '30, should be used for the other. 

Genus: Lasipsilts Rafinesqiie (iSao). 

Ortniann, p. 345. 

70. Lam PSIus vtatscEXS (Lea), 185S. 

Unto virescais Lea, ^sS—Lampsitis viracens Simpson, '14, p. 93, 

1 am not quite satisfied as to the proper position of this species 
within the genus Lamp^tilh. According to external appearance, it 
seems to be related to L.-lufeala (Lam.), although it also has some 
features, which resemble those of L, teres (Raf.) {=a»odofttoides 
Lea). In either case, however, it would be a Lampsilis. 

The type locality i$ Tennessee River. Tusctmibia. Colbert Co„ 
Ala., and it has been reported, by Call, from Spring Creek at Tus* 
cpRibia.^ The Carnegie ^luscum has it from tributaries of the Ten¬ 
nessee in northern Alabama (Paint Rock River, and Bear Creek). 
It has never been found anywhere else. 

But I have fonnd a few specimens (all males) in Emon- River, 
at arriman. Roane Co„ Tcnn., and in the "Walker collection are 
others from Coal Creek, Anderson Co,, Tenn. These two streams 
arc not far apart, and flow from Walden Ridge to the Qinch. 

River is the only western tributary which completely cuts 
through Walden Ridge and drains, in its headwaters, a section of 
the Cninberland Flateatt. 

71. Lampsilis OVATA (Say), 1817. 

U«io ozauts Say. ’17^-Unio o-cat»s Lewis, ’yt.-^Uvio O'catns Pils- 
br) & Rhoads, ’ 96 .— Lampsilis oz^ta Ortmann. ’12ft. p. 350 
(anatomy).— Lampsilis ovata Simpson, '14, p. 48, 
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Distiit^iished by the distinct and sharp posterior ridge, depressed 
(truncated) posterior slope, and the peculiar, wedge-shaped anterior 
part of the shell- But these characters gradually pass into those of 
the variety ventricosa. 

The typical L. mufu is restricted to the larger rivers, and quite 
abundant there. It is tn the Tennessee, the Little Tennessee, Hol- 
ston, Clinch, and Powell. In the Powell, it goes up to Shawance, 
Claiborne Co., Tenn.; in the Clinch, to Clinchport, Scott Co., Va. It 
is the prevailing form in the Ilolston proper, hut does not go into the 
Forks of the Holston. All along its range, and chiefly above Knox¬ 
ville. it is accompanied by the var. z’ctUricosa, and intergrades with 
it. But at the points just named, it disappears, and leaves the field 
to ventricosa. 

Type locality: Ohio River. 

72. Lam PST us o%'ATA ventricosaT Barnes), 1823. 

Unto vetttricosa Barnes, '23 .—Lampsilis ventrkosa Ortmann, ’12&, . 
p, 351 (anatomy),—^Z.oj«^ri7iy ofvata vattrifOsa Ortmann, ’13b, P- 
3r i ,—Lampsilis o/vata veniricosa Goodrich, ’i 3 r P- gS.—Lantpsilis 
veutricosa Simpson, *14, p. 38. 

According to Vanatta (’15, p. 551), the type of Lampsilis cor- 
dium Fafinesque, 'ao. is this, and also Conrad (’34) says so. How¬ 
ever, this conflicts with Rafinesque^s description, from which it is 
evident that L, cardium is the female of L. ovata. We have here a 
case w'here the " type ” docs not agree with the original description, 
and it should be borne in mind that the co-called " types ” of Rafin- 
esque, in the Philadelphia Academy, are not types in the strict sense, 
but merely '* authentic specimens ” of some^vhat doubtful value. 

In this variety, the posterior ridge becomes indistinct, the pos¬ 
terior slope is not excavated, and the anterior part of the shell is not 
remarkably compressed. Also, the shell is generally less convex. 
But there are all stages of transition. The upper Tennessee form of 
z'stttricosa very rarely has the distinct rays of the corresponding 
form of the upper Ohio region. 

L, enatta ventricosa is found associated with the normal L, ovata 
in the larger rivers, but is less frequent tiierc. It goes, how’cver. 
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beyond the upper limit of L. inrata in the headwaters, where it is 
found in its best development and as a pure race. In the Powell it 
goes to Olinger, Lee Co., Va.; in the Ginch. to Cedar Bluff. I'are- 
ivell Co., Va.! in North Fork Holstoii, to Saltville, Sravth Co., Va. 
(also in Big Mocassin Creek); and in the South Fork,'to Emmett, 
SuUivan Co„ Tenn, It is in Noiichticky River, at Chuim’s Shoals, 
Hamblen Co., Tenn. (inclining here toward oiata) ; in Little Pigeon 
River. Sevierville, Sevier Co„ Tenn,; in Little River. Melrose. Blount 
Co., reiin.; and in Emory River. Plarriman, Roane Co,. Tenn. I 
have seen it also in Chickamauga Creek, Ringgold, Catoosa Co., Ga. 

Type iocnlity: Wisconsin River, and .Mississippi River, Prairie du 
Chrenp Wis. 


/3- Lamj'Silijs fasciola Rafincsqtie (1820)* 

Lampsilis fmci&h Rafinesque, '^.--Unt0 ijiu//j>tfdn3/wf and perra- 
dmtJis Lewis, *yi.—Utt!o muhiradiatus Pilsbry & Rlioads, '96.— 
LampsUis m«itiradiat<^ Orlmann, p. 352 (anatomy>—L3J«p- 
Jifw >jiw//irfld,(iffl Onmann, 'i3fr, p. 311 .—mjdtiradiais 
odrich, 13^ p, L^mpsilis muhiradiQta Simpson^ “14, p, 55. 
Also m this ease, I do not follow Vanatta's ('15, p, 551) de¬ 
termination of the type of fasciola, but rely on Rafiiicsque’s de¬ 
scription. which indicates a shell of the cardium-ovata typs. with 
unequal, flcjcuous rays, which fits nmUiradiata Lea, but not hit cola 
amarck. Moreover, Conradj in 1836, held die same opinion, also 
pointing out the undulated rays as the main character of this species. 

Practically everywhere in the larger rivers as tvell as in smaller 
s cams, but apparently more abundant toivard the headwaters, fit 
T Chickamauga, Hirvassec, Little Tennessee, 

Li tie Riv^cr. In the French Broad drainage, going up here to Ashe- 
nlk, Car., and, in Big Pigeon River, to Canton, N. Car. In the 

r»k ChUciv* Sm,-* Co., and .N'onh Fork ot .. Smyth 

Co,\o. Al«>mB,B Mocassin Crtck, and vvouoga River. lathe 

goes op .0 Cedar Blall, TaaeFdl Co., Va.; in the Po»ell, 
to North Fork at B.g Stone Gap, Wise Co.. \ a. .Mso in rhe 
Emory at Hamman, Roane Co,, Tenn. 

Type locality; Kentucky River. 
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74, Lamj^siu^ ORuiccTLAfA (Hildreth), 1828, 

Uflio {^rbiciihtus Hildreth^ '28.— Latnpsilis orbkuhia Ortmanrip 

p. 343 {anatomy}.^— L^impsUis orbktdaia Simpson^ ^14, p. 76. 

Not reported previously from the upper Tennessee region^ but 
in the Walker colleetian are two specimens labeled “Holstoo 
Ttnn./^ which come from the Lewis collection (and tJius probably 
arc from the Tennessee), I have found myself ivrospecimens in the 
Clinch, one at Offutt* Adtlcison Co.* the other at Solway, Knox Co,, 
Tenm 

This species is also in the Tennessee in Nortli Alabama^ at the 
mussel shoals near Florence (reported by H ink ley, and represented 
in Walker colL and Carnegie Mus,). 

Type hcalUy: Aluskingnm River, Marietta, Ohio, 

Genus: Truncillv Rafinesque (1820). 

Ortmann* ^i2b, p, 354. 

The snbgenera distinguished by Simpson require revision, also 
with regard to nomenclature. I disregard them for the present* re¬ 
marking only that the soft parts furnish good criteria for their defi¬ 
nition. 


75, Truncilla TftjQUETBA Rahncsqiie, 1S20. 

rriiwciWu tnquel&r Rafinesque, "20. — l/nw frktigidaris Lewis, — 
i/ll 10 triangnlark Pilsbr)' S: Rhoads, ^96.'—Trffiirj 7 fdi triquetra 
Ortmann, "12&, p. 355 (anatomy).^n^iirrrfl Simpson, 
'i 4 > 5 ' 

Rather fretjuenl both in larger and smaller rivers, hut nowhere 
in great numbers. Tennessee below Knoxville (Lewis) and at 
Knoxville (Pilshry & Rhoads); Little River in Knox Co, (Walker 
coll.); lower Nolichiicky : Holston River up lo the South Fork at 
Pactolus. Sullivan Go., Tenn., and the North Fork at Mendota, 
Washington Co., Va,; in the Clinch up to Qinchport. Scott Co., Va,; 
in the Powell, up to Shawanee, Claiborne Co,, Tenn. 

Type tocality: Falls of the Ohio. 

PRoc. AMO, soc,, voju lvu, mm, oct. t, 191S. 
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76. Trl-ncilla arc^fo^mis (Lea), 1831. 

UfM arc^arMiw Lea, "ii—Unh area:far mis Lewis, yi.—ilnio 
areaformis Pilsbry & Rhoads^ ^96 .—Trimatla arca^formis Simp- 
son, ^14, p. 12. 

In the larger and medium rivers: Tennessee, Knox Co.^ Term.; 
French Broad at Boyd Creek, Sevier Co, In the HoUton IcKially 
abundant: Boyd Island, near Knoxville frilsbi7 & Rhoads); Ate- 
AlUlan, Knox Co.; Mascot> Knox Co.; Gant Island near Stravi-- 
berry' Plains, Jefferson Co. (Walker coil); McBee Ford, near 
Hodges^ Jefferson Co.; Turley Afill, Koeton, and Holston Station, 
Grainger Co.; Austin Mill, Hawkins Co., Tenn. In the Qinch at 
Qincli River Station, Claiborne COi; and Oakham, Grainger Co.^ 
Tetim 

Type hcaliiy: Tennessee River.” Lea (Tn Amer. Philos. Soc„ 
^® 34 p p. 8G) corrects this, saying that, according to Troost, this 
species is not in the Tennessee, but only in the Ciintberland River 
(meaning, 01 course, the Tennessee of northern Alabama). 

77. Tiiunolt„\ tXTERRUPTA (R^^esque), iSso. 

Obliquaria interrupta Rafinesqtie, '20 .—Ufda bremdcHS Lea, ^31 (not 
34 d as given by Simpson ).—Umo bre^ens Lc^is, "71.^— Trun- 
cilla bretidms Simpson, '14, p, 7. 

The identity of Rafinesf|uc^s species with that of Lca^has been 
recognized by Conrad, accepted by Kueater and Reeve, and con¬ 
firmed by Vanatta (^15^ p- 55 o)- But Vanatta does not u$e the name 
of hilerruptc^ for reasons which do not hold good^ as shown by 
Walker ( p. 45 ). The only objection to inUrrufta is that it is 
gi%en^ originally, from Kentucky and Ohio rivers, while it seems to 
be absent at least from the Ohio. But we must remember that Lea's 
br^^drns also was originally given from Ohio, corrected subse¬ 
quently, "34, to Cumberland River. 

In the larger and medium rivers: Tennessee (Lewis). Holstom 
Clinch, and Powell. In the Powell, up to Rose Hill. Lee Co , Va.; 
in the Ginch, up to Oinchport, Scott Co., Va.; in ihe Holston up 
to the N’orth Fork at Hsiton, Scott Co., Va, 

Type locality; " Kentuckj’ and Ohio Rivers.” (Probably incor- 
rect; typpfi from Ohio River, according to Vanatta ) 
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78 . TRTJNCJtXA LENIOR (L<?a)^ 1 ^ 43 * 

Uni^ Itnior Lea^, '43.— TrunriHa {enhr 5imp$OE, ^14, p* ii^ 

A rare species. I have found it in the Dinch, Speer*$ Ferry, 
Scott Co., Va.j in North Fork Holstoo^ Rotherwood, Hawkins Co,, 
Tenn.; in South Fork Holston, Pactolus^ Suliivan Co., Term.; and in 
the uppeniiost Holston proper. Church Hill, Haivktns Co., Tenn. 

There are specimens in the Walker colL (from Mrs. Andrews), 
labeled: Holston River, Knox Co, (probably Tennessee River);, but 
Lewis has not recorded it from these parts. For the resl^ it is miss¬ 
ing tn this region, bul it turns up ^in in the Tennessee drainage in 
North Alabama: Simpson gives it from Paint Rock River^ Wood- 
ville, Jackson Co^ Ala., and the Carnegie Museum possesses quite a 
numl>er of specimens from this river at Paint Rock^ Holly Tree^ and 
Trenton, Jackson Co,, Ala. 

The male of this species may be easily rccogntzed by the fine 
derrticles on the margin of the posterior end; for the rest^ it looks 
like a pale-colored Eurynia tiebulosa. 

Type he^liiy; Stones River, Tenn, (Cumberland drainage; but 
missing in the list of Cumberland shells published by Wilson S: 
Gark^ *14). 


79, TttONciLLA HAVSIANA (Lea), 1833. 

h^ysianus Lea, '33,^— Unia hay start ns Lewis, 7 ^-— haysi- 
amts Pilsbry & Rhoads, ’96,^— Trim cilia ftoysiana Orlmann, ^i2b, 
p. 357 (anatomy)-— TritnciHa hayskna Qrtmartn,|^i3{^, p- 311,— 
Truncilh haysiam Goodrich, '13, pv 95.— Trunrilfa haysiana 
Simpson, ^14, p. 16 

Widely distributed, bui always only in small numbers at a given 
locality. Tennessee in Knox Co, (Lewis) and at Knoxville f Pilsbry 
& Rhoads); Little Tennessee, Coy tee, Loudon Co,, Tenn. (Walker 
coll.); in the Powell, up to Pennington Gap, Lee Co,, Va.; in the 
Gtnch, up to Raven, Taaewell Co., Va.; in the Holston, it goes in 
the North Fork lo Hilton, Scott Co., Va., and in the South Fork to 
Pactolus, Sullivan Co., Tenn. 

Type lt>caHty: Cumberland River. 
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So. TwN'citLA sTEWARDsoNi (Lea), 1852. 

U»io steicardsoni Lea, ’53.— Lhiii) ftewordstmi Lewis, 

cilla stcxcardsoui Simpson, *I 4 > P- 21, 

t think that what Walker (’itw, pi. 3, f, 4) has figured as the 
d* of T. Invist is actually an old of sfeit'ordsam. 

A rare species. The Carnegie Museum has specimens from the 
Tennessee at Knoxville, and Lewis reports it from this region; and 
there are also specimens from Clinch River, CliiUon, Anderson Co., 
in the Cam, Mus, I found it myself in the Hobtoti, at McMillan 
and Mascot, Knox Co., and at tlolston Station, Cirainger Co,, Tenn. 

Type locoUty: " Chattanot^ River, Tenn,’' There is no such 
river in Tennessee. Generally, Lea's Chattanooga River " is the 
Chattooga River in north cm Georgia (tributary to Coosa): hut in 
the present instance this cannot be, since this species is not found 
in the Coosa drainage. 

81. TRL’\’ctJ-i,^\ LEWisi Walker (igio). 

Vnh foliaiMS Lewis, *71,—^Triiwilfo lci<dsi Simpson, '14, p. 30 . 

As stated above. Walker's figure of the (Too, pi. 3, f. 4) prob¬ 
ably belongs to T". stcti.’ardsQni. 

I have found a single small male specimen (soft parti examined!) 
in the Holston, at Holston Station, Grainger Co., Tenn., and another, 
somewhat larger one, in the Powell, at Combs, Claiborne Co., Tenn. 
These differ from the male of T. slen’srtlsoni bv a wider radial fur¬ 
row, with the tw'o ridges confining it. more divergent. My speci¬ 
mens are not full growm, and even if they should be joung females 
(as Walker suggested after examination of the one from the Hot- 
5 ton), they would present to us the shape of the male, as all young 
females do in the genus Truneilla, exactly as the soft parts of young 
females resemble those of the males. 

The Carnegie :dnscum has (from the Hartman coll.) two fe¬ 
males. labeled: Tennessee River, Knox Co., Tenn. Lewis gives this 
form (as U. foUaltu) from the Tennessee at Little River Shoals, 
below Knoxville; and W'alker reports it from Clinch and Holston 
rivers in Knox Co. (also from Cumberland River, Burnside, Pulaski 
Co., Ky., blit not found here by Wilson & Qark, "14) 
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Thus ibis is uncloubledly one of the rarest species of TrKiiciVlii, 
and its distribution should be studied more closely* 

Typ4! lociiUty: HolsEon River, Teuti. (topotype exsimined). 

82. TiiusciLLA rRoriNQLtA (Lca), 1857. 

Unio propinquity Lea, ^57 .^—Umo propinquHs Lewis^ yt. —C/Mtu 
propmquus Pilsbiy' & Rhoads^ '96 .—Trunnita propinqua Simp¬ 
son, '14, p* 27, 

Reportedt by LewiSj from Tennessee River, Knox Co,^ and from 
the Clinch by Call. Pilsbrj^ & Rhoads give it from the Tennessee at 
Knoxville^ the Holston at Boyd Jslandt near Knoxville, and from the 
Clinch at Patton’s Fjerr}v Roane Co* The Carnegie Museum pos¬ 
sesses it from the Tennessee, Knox Co. (Smith coll.),and 1 found it 
myself in the Clinch at Edgemoor and Clitrton, Anderson Co., Temi, 
Ty^e loctdity: Florence and Tuscumbia, Ala. (lopotypcs ex¬ 
amined). 


83, TitujJciLLA TORtTLOsA (Rafincsque), 1820. 

Amblenta toruhso and qibbasa Rafinesque, "20.— Utno pfrphxm 
Lewis, " 71 . —^TrifWoWa pcrptexa Simpson, ' 14 , p. 24 - — TninciH^ 
t{fnths{i Vanalta. '15, p. 550. 

The identity of t&mhsa and gibbosa with perplexus has been in- 
dicalcd by Conrad ('34), and he selected the name of foruhsa. Al¬ 
though he later ('36) gibb&xus (and so do Agassis and Reeve), 
the first selection ha:s to stand. 

The toruhso has a radial row of prominent knobs 

across the middle of the shell. But these knobs vary' greatly, and in 
the upstream direct ion, they have the tendency to become reduced, 
finally disappearing, thus passing into the condition seen in the next 
form. 

Restricted to- the larger rivers. It turns up in the Tennessee at 
and below Krto.xville (Lewis), and continues down the river, but is 
hardly found above Knoxville. The Carnegie ^fuseum has three 
young specimens from near Knoxville {Hartman colL), which have 
distinct knobs. In addition, there is a specimen from Chattanooga, 
Hamilton Co,, Tenn, (Juny colL), w^hich is typical in all respecta. 
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except that it has salmon-colored nacre; to my knowledge, this color 
of the natre is extremely rare. 

Farther down the Tennessee^ at the mussel shoals in Atabomap 
this Species is abundant (Conrad, Hinkley^ and Cam. IIos.). 

Type l&taUty: Ohio River and Kentuclqf River (the type is from 
Kentuck)' River^ according to Vanatla). 

84- TRUNCrt-iA torulosa GUBERKACULUM (Reevc). 1865. 
t/MW? guberrmcidum RcevCp Conch, icon. 16. Unjov '65, pL 2B, f. 146. 

Reeve's figure undoubtedly is this form. Simpson ("14, p. 26) 
makes this a synonym oi the var. rangiana (Lea), and it surely is 
the parallel farm to rangi^na of the upper Ohio drainage. It differs, 
however, distinctly by the dark green color of the posterior expan¬ 
sion of the female shell. 

From the typical terulosa^ this variety differs by the poorly de¬ 
veloped or Avanting knobs, and by the rather more compressed shell. 

This is the headwaters form of ionihsa^ and begins to take its 
place m the region of Knoxville. 1 have it from the Nolichucky, 
Chunn’s Shoals, Hamblen Co.; herCp as also in the loiver Ilolston, 
faint knobs may yet be present. Farther up, the shell is entirely 
smooth. In the Holston, It goes up to the South Fork at Pactolus, 
Sullivan Co., Tenn.^ and to the North Fork at Holston Bridge:^ Scott 
Co.^ Va. In the Qinch, it goes to Dungannon, Scott Co., It is 
also in the Powell, up to Shaw'anee, Claiborne Co„ Tenn. Locally, 
it may be ignite abundant. 

Type hc(tliiy: ? 

85. TltUXCll.tA TLTRGIJ)UU:\ (Lca), 1S58. 

Unic iurgidiihis Lea^ '5® (male).—t/rn'o iiei'iafns Reeve^ '64 (fe¬ 
male ).—Truncilta detnata Walker, ’to&, pp, 77, 78,81 -—Tninritla 

deviata Simpson^ '14, p. 31. 

Unio turgidtilHS has been regarded as the male of the female £/. 
fioreutiniiS^ bnt it belongs to the female dezieius^ In Walker's key 
(10&3, this has been indicated by the gTdupirig, but it has not been, 
expressly mentinoned. 

T, hirgiduta stands nearest to T. (Lea), a species 
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known from the Tenritasce in North Alabama, but which has not 
yet been recorded from the upper Tcnneas^ec. T. iJtr^duh agrees 
with the latter in the biangnlate posterior ridgej but the bianguktion 
is much less pronounced, and the depression or furrow in front of 
it is less developed. In the female (dez^wtus), the hiangulation is 
also present, but indistinct, and the furrow is obliterated, being 
filled by the expansion of the shell. The female res^bles* to a 
degree, that of T. fltyrmtlim, but has the shell, as Simpson states^ 
more elon^ted, and has fuller and higher beaks (the latter charac¬ 
ters hold also good for the male). 

This species has been recorded from Cumberland and Tennessee 
rivers (not recently found by Wilson & Gark, '14^ in Cumberland), 
and from Duck River, Tenn. (Ca! 1 ), but only one dcfiiiite bcality 
is known (Florence, Lauderdale Co., Ala,)^ Hinklcy reports it from 
Shoah Creek, Lauderdale Co., Ata, The Carnegie Museum has it 
from Bear Creeks in Franklin Co., Ala. I have found it in the 
upper Tennessee drainage, where it is not rare in the Holston proper 
from Kjiox Co. up to Austin Mill, Hawkins Co., Tenn. I found it 
also in Eniory' River, liarriman, Roane Co., Tenn, In the \\alker 
coll, it is represented from the Holston^ Rogersville, which is prac¬ 
tically the same locality as Austin Milk 

Type hcaliiy: Cumberland River and Florence^ Ala. 

86. TRUNCIU.A IfLOaEKTlNA (Lea), 1S57, 

Unw fiorentimis Lea. ^$ 7 - — fiorcnti*ia Simpson, '14, p. 30 

(e.xcL 

This species has not a biangtilate posterior ridge, but this odge 
is rounded, and the radial depression in front of it is hardly de¬ 
veloped, indicated only by a flattening of the sheik In the female^ 
the posterior e.xpansioa of the shell may become very large, and is 
generally of the color of the rest of the shell* or lighter, but not uni¬ 
formly dark green* as in F. cafseDformis. By the latter character, 
by the more strongly developed and more numerous denllculations 
of the margin of the expansion, and by the greater convexity of the 
shell j, T. fi&refiiina is distinguished from The male of 

T* fior^tina is shorter, higher, and more swollen than that of T. 
cf^pj&rfQrmis. 
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KnoAvn from the Cumberland and Tennessee Rivers, from the 
latter, however, reported hitherto only from r^orth Alabama. I have 
found it in the Holston, from Knox Co., up to Holston Station, 
Grainger Co,, Tenn., biU not in great numbers, 

/crfii/ifv.-Florence, Ala. (and Cumberland River)(topoh pes 
examined), 

87. Truxcell.\ walker I Wtlson & Clark (IQI4), 

TnmaUa tc-nf^erj Wilson & Clark, '14, p. 46, pL i, f. i. 

This is practically a large, compressed T, fioreiUina. It agrees 
with it in every respect, except that it attains a larger size, and is as 
compressed as T. raf^^irfonnis. It may be only the headwaters form 
of r. flirreHlma. 

From T. caj*S€^formis it is distinguished by larger size, and by the 
absence of any dark green tints (e.xcept rays) upon the posterior 
expansion of the female. xAlso the dendculattons on the margin of 
the expansion are stronger and more numerous. Wilson & Clark do 
not mention these denUcuIations i but his specimens seem to have 
been more or less mutilated in this region. Jly specimeiis^ belong¬ 
ing to the type set, show only traces of tliem, while the fine material 
I collected myself in the headwaters of the Holston shoivs them well 
developed. 

The males of T, and c^psa^formt^ are v^ry similar: that 

of is possibly somew hat larger and of a lighter color, yellow^ 

ish brown, with light green rays, while that of aipS(Ffarmis is green¬ 
ish olive, w ith dark green rays. But the^e differences are rather un¬ 
certain. However, I was never put to the task of separating them, 
since 1 have never found the iw'p species associated. 

r. is very local in the upper Tennessee region. I found 

it only in the South Fork Holston at Emmett, Sullivan Co., Tenn.. 
and at Barron, Washington Co * ^"a. (Walker has It from Barron) ; 
and further, I found it in Middle Fork Holston, at Chilhowie, Smyth 
Co., \'a. At the latter place it was not rare. 

In addition, the Camegie Museum has it from Mint River and 
Hurricane Creek at Gurley and ilaysville, Madison Co., Ala, There 
are also specimens at hand from the type locality. 
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Type locality: East Fork Stones River, Wallerhill, Rutherford 
Co., Tunn. {cotypcs examined). 

88 . Trun'cili-.v caPS.EFOBilfS (Lea), 1S34- 
Utiio fd/jot/ori/jis' Lea, '34 .—Unio capsccfofmis Lewis, '71 • *TriiM' 
cilia fioretititia and capsccformis Ortniaim, p. 339 (anatomy). 
—rrHHCjVfiT capsieformis Ortaiann, *13(1, p. 3t i .—Trtine ilia cap- 
sttformis Goodrich, ’13, p. 95 '—Trttncilla capssfot'mis Simpson, 
*14, p. 29. 

The specimen ol '*fforentino’' of which. I have descrtbecl the 
anatomy, was actually a fff/Jif/orwiij, 

Distinguished from the two preceding species by the combina¬ 
tion of the following characters; shell rather compressed, with the 
beaks not much elevated: expansion of the female untformly dark 
green, with only small, few, and remote denticles on the margin. 

There are tliffercnccs in the soft parts of T. tufsidata, fiorattitta, 
walkcri, and ettpsffformis, which will be discussed elsewhere. 

r. capftefortnis is very abundant in the upper Tennessee drain¬ 
age, all over the region. It Is in the Tennessee below- Knoxville, in 
Pow'ell, Clinch, Holston, Nolichucky, Little Pigeon, and goes tip, in 
the French Broad, to Asheville, X. Car. (Walker coll.)- It is also 
in Little Tennessee, at Coytee, Loudon Co., Tenn, (Walker col!.). 
In the Powell, it has been traced up to Shawanee, Claiborne Co., 
Tenn.; in the Ditich. to Cedar Bluff, Taaseivcll Co., Va.; in the 
North Fork Holston, to Mendota, W'ashington Co., \'a. (also in 
Big Mocassin Creek); in the South Fork Holston, it is at Factolus, 
Sullivan Co., Tenn., but not farther up. 

Tvpe locality: Cumberland River, 

The above enumeration contains nearly all nominal species ever 
recorded from the upper Tennessee region. However, there are yet 
two additional ones, which have not lieen mentioned: 

Uwto AB.\cvs Haldeman (1824) —Holston River, Tenn. 

plntrobcma abacus Simpson, ’14, p, Sio. 

,A spurious species, which never has been positively recognized. 
Specimens under this name in the Lea collection (U. S. Nat. Mus.) 
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are, as Simpkson stated, much like " Pleur^beffm that is 

to say, Le^higtonia dQl^t^lhides conradi (Van.)* I have ejcamined 
these in Washington. Also specimens in the Walker eoLkction, la- 
beled abacus, from Flint Riverp Gurley, ?^(adison Co., Ala., are this. 

MarejARltas^a quadjiata Lea (i86t) —Eastern Tennessee. 
Syuiphyuoia quodrata Simpson, '14, p. 487* 

The tj'pe is lost. This species never has been recognized- I 
have the suspicion, from description and figure, that it is identical 
with Aiasmidi^nia mittor (Lea), 1845, 


LIST OF LOCALITIES. AND OF THE N.\YAD-FORMS 
FOUND AT THEM. 

The following list is subiintted for two reasons: first, to give an 
idea of the richness of the material upon which this paper is founded; 
seconds to facilitate, for subsequent collectors, the search for cer¬ 
tain forms. There will be a time, not far distant, when the fauna 
of many of the localities will have deteriorated or disappeared in 
consequence of s^tream polluticn, and thus it is important to know all 
the localities w here a given form has been found. The e?£act location 
of all ihe collecting stations is given on the accompanying map^ so 
that also a change of local geographic nofnenchtture wdll not inter¬ 
fere. (See page 523.) 

The localities have been arranged according to river systems, be¬ 
ginning id the northwest (Powell)* and proceeding downstream and 
easnvard. The smaller streams not belonging to the headwaters, 
have been placed together at the end of each system. The Ten¬ 
nessee proper stands at the end of the list. 

Forms found intergrading at one locality are connected by 
braces. In several instances of well-known and easily recognized 
species, I have not taken home specimens at certain localities, but 
only seen them (mostly dead shells)* These are marked 
The record of this fact alw'ays was made in the field with actual 
specimens before niCj and is absolutely reliable. 
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PoAVELL Drainage. 


North Fork Poioirll Big Stone Gup, IVise Co., Va. 

Walker coll. (C. C. Adams, Sept. 4, '99), 

1. FufffiiMaia piiarii burja~pastorie 4. Eur^^Nia n^bulosa 

2. A &iV 5 jrfnju 5. Lampiitis fojdola 

3. Medhmdus plafcstus 


S<^th Fork Po-wclf Rw^r, Big Stone Gap, H^ise Co^^ Vo. 

♦ = Walker coll. {AdamSg Sept 4, ^ 99 ) t t= Carnegie Mus, 
(Ortmann^ May 15 and Sept 6, *13). 


ti> Fujconaia pilaus turja^paslQris 

fa. F. bamesiana ) 

*f 3 . A 

f4, Lejingtonm dolabflhidrs ean- 
radi 

*t5. Pleurabtum mforme argcn- 
teum 

^61 Lasmlffana badi^t 


t7. Alasmidonta minor 
fS. Siropkiins ffd^ntuhi 
fp. Eiiipsaria svbifuta 
*t<k Taxohsma tividum 
^zi. Mfdionidus phtealMs 
•ti2, Ey^'-ptra 
fij. E, vanuxemrfms 


PoTvell River, Olmger, Lee Co.j, Vg. 


Walker coll. {Adams^ Sept 5, 

Z. pKjrajiaia pihfis bursa^pasiarrs 

i. F. fypifcifyj 

3 - F. bamfrjiane bigb^tn-sis 

4 Fcxingt^nie d&labtitoides can~ 
radi 

5 . P/^tfroifw;o oviforme 

6. Elliptia ditataivi 


' 99 >* 

Y- Lojtfitgijna iosiaia 
%. Atasmidi?nta morinnate 
^ EWi^juna sxbfrnfa 

10. Medionidus ptafeolus 

11. Eurynia pcrpurpurea 
la. E. nebuhsa 

I3_ Lampstiis eiwla vt^niriccja 


Poweii River^ Drydcfi, Lee Va. 

* = Walker coll. (Adams^ S^pt 3^ " 99 ) j (Ort- 


'maun* Sept. 7^ ^13)* 

•fi. Fv^nofraia pilaris tmrfa^pasf^^fis 
t2r A frar^^MPia 1 

*t3- A frarPirJi'dJUJ bigbyrnsis^ 

*t4- Lej-ingiotiia daiabelloidej ean~ 
radi 

fS. Fteurobema imfarme 
*t6. Elliptia dita!alitJ 
I7. Z 4 ijmT]?^nd 
*f8L A eastaia 


tp. Aiastftidonia margmala 
ti<x Pfgias fabula 
frz. Sirophitus edenfuiuj 
Eiiipsaria ivbienia 
*ti3> MedioHidus phicalus 
•ti4- Fyri’MiiJ ntbuhsa 
•tifr E. panuxemfnsis 
fid Lampiilis svata zvntritasa 
A fasdoh 
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Cane Creek, Penriingtan Gap^ Lee Fo. 

Walker colL 

1. fuiUDNaia pit^rij tarsa-psjit^rij a Phvrobfttia ifViforme 

Fitckeli Creek, Pamingtan Gop^ Lee Cp.^ Fa. 

Walker coll. 

1 . euneoluj 3 . Pieurcbemn emfarme 

2. LrjiiigfcJniip doieb/Haides raw- 

radi 


U'alien Creek, Lee C&., Fa. (near Jonesnnile}^ 

* = Walker coll; t=Gtrn. Mtis. (from G, If, Gapp)* 

■i. Fif 6 ar 3 i^fij|jga * 4 . Mediamdits piaieolas 

Etfipiio diiaiatvj tS- Fifrj'flifl nebuhsa 

*3. F^^faj fab^Ia 


PtnceU Rkvr^ Lyitan^ MUlj Penningtan Gapj Lee Ca., Fa. 
Walker coll. (Adam,s^ Sept, i; ^99), 


1. Fuscoama pHnns burjs-ptulons 

2 l F. eor anafagu 

3 - F. jj'ijiEa tigbyfHSij 

4. Oiiacfric/41 cytindrica sirigiUsia 

5, Le^ngtema dohbeihides 

r^di 

6 l Pietirobema eviferme 

7 - EtiipitQ dihtaluj 


$. iMmiffona tosiala 
p. EHtpsoria fsueietarts 
JO. Nephrenaias peeiaresa 
t1. Euryftia jifbutssa 
ts. E. t^n iLTf mf Pi^j 
ij. Ltimpsiiij fajcwin 
14 TruKdlfa haydana 


Powell Rk'cr, JotteytHle, Lee Co., Fa. 

* = Walker colLj t=Carm Mus. (Hartman coH). 

■i. Pujeonaia pihris burja-pasiorts *4 EUipsarie subfenia 
*2. Fifuriyb€fna QVtforme ^g, Torohsma IhAdum 

*3. EUtpite niger *t6, Lemia^ rimosue 


Po%eelI Jfirvr* Rose Hilt, Lee Co.^ Fa. 
Walker coll. (Adams^ Aug. 5^ '01)* 


J. Fusconaia ^lYari.^ hursa-pasleris 

a F. eor analcga 

3 F. bonfesmna bigbyenjis 

4- Pleurobemo oviforme 

5* Etiiptio dilafaiHs 

6, fHorginaia 

?- EUipssjia fasdotaris 


6 - RephronQf^^s peeiorosa 
Lemiox rimoSHS 

10 , Atediemdus plaUelns 

][. Fhi^TPiia itfbulosa 
12 . l^mpsilU fosdoio 
IJ. FriiitriNa iNli^rrti^ta 
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Powell River, Sha'wanee, Claibonte Co., Tettn. 
Walker coll. {Adams, Aug, 31, '^9). 


Z. Fuiconui^^ pilaTX^ 

2 . F. pUarij hsuiuriana 

J. F. fWMffl/ifJ 

4, F. ear anah^a 

5, F. bam i-Siam bi^bycmh 

6, AfnbL*ma plicnia 

7, Pleurabema oviforme ) 

8, F. oiAfarme 

9, Elliptic tiiffer 
to. E. df^atatUS 

1 [. EHipmria ^htenla 

12. Dronms dramas aaperaltij 

13. Ncphraaiaj H^amtntina ffihba 


14 . Nephranaias ptetarasa 
i> Tffjfc/crjuiii Hln'^KWt 

16. phlealus 

17, Euryttia iir&M/ffjfl 
i& Lampsilu 

19, E4 ai?ala ventnarosa 
30 , L. fasdala 
21. TiTfMftWd 

32 ; T. inferrMpia 

33. r. 

24. r. fonj/qjq gubenni£ulum 

25. r. £aps<rfarmis 


Potcell Rher, Brymi SIwaiSf Ciaibortie Co., Tenft. 
Walker toll. (Adams, Aug. 30, ^99). 


1. Fuscanota pthris bursa-pastaris 
i F, for qpiqloi^tf 

3, Ambiemu plicata eastaia 

4, Quadmla pusiulosa 

5, OitaJrKJq cytindrka sirigiliaia 
Sl Pkthatasus cyphyus 

7, Crxingioniit dokbeUoides tan- 
radi 

3 . Pkurabtma aiMformt } 
p, F+ ovifarfoe 
10 , BUiptk diiatatus 
11^ LasfftigoMa tasiaia 


J2. Aiasmidania marginata 
13 Eilipsaria fastiahris 
[4. £. ju£>lfsifq 

15. ZJrowiBJ dramas tapcrafus 
NtphraHa^etJ Hgamenlina ffibba 
17. M pectorasu 
lE, Lemtojr nmasus 
iflL Airdiauidus pkftaius 

20 , Earyaia ncbt^iasa 

21, Lampsilis fasAaia 

22, TmnttUa inirrmpio 
2^. T. tapseeformis 


FiKtvM Rk*cr, Combs, Cioibome Co., Tenn. 

Cam. Miis- (Ortmanti, Sept. la, '13 and Sept 13, '15). 


1, pHstanma pitartj b^r^13^pastariJ 

2, F. pkaris Usueuriana 

3, F+ fwpifofiiJ 

4, F. ear Brtahga 

5, F^ fcqnifJiowa 

6, pikala easfaio 
7^ OiKTofruk cjf/irtdriVq: 

a. Pkthabasns cypkyus 

^ l^xiiigfania daiabtihides ton- 

radi 

10. F/«irq|ifwfq avifarmt 1 

11, F+ avffarmt ar^rq/fHint 


12 . EtFpiio dilataius 
rj. ijismigafsa easfata 

14, Aksmidonfa marginata 

15. Sfrophitus tdtatufus 

16, Ellipsaria fastiahris 

17. Fr sMbtenta 

tS^ / 7 rqniitj drama taperaius 

20, Ntphramias pfctarcsa 

10, Nfphrancias iigamentina gibbs 

21, Paropitra fragUis 

22, Praptera ahia 

23, Ltmhx rimasus 
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24. Medbrndus phUo^tts 
2S- Burynia fabaiis 
2& £. 

2^. E. mnuxffmtnjis 

29. ) 

JO. A tpafo tr^n trlVo.fd j 


31. L. fasaola 

32L Truntilia iriquefra 

3j_ T* ipilfiTid^fd 

34. AdyitdHd 

35. T. /rtwp 

3d T. 

37+ T. cfi^fir/DTWfiJ 


Green's F{>rdj Union Cq., Tenn, 


Walker coll. (Admns, Aug. 23, ^99), 

(Adams says: Campliell Co.^ Walker: Claibome Co.; the localil^' 
isp where the three counties meet^ and the ford is, according to map 
—sheet Maynardville—rather in Union Co.) 


1. Pusconaia ^i 7 am bursa-poslens 

2. £. ^iVcTiJ 

3. F. iufiioiui 

4. F. bamest^na 

5. pHcsta eestata 
d ^ua^ru/a cyUndrica 

7 r EiUpitc niger 
S. E. dUaiaius 
9 l LofPifi^dHd esslaim 


10. StttrphiiHS edeniuius 

11. Eilipsarm faseiefarU 

12. £. ^bUnia 

13. Tffjrfliijjffld Ovidum 

14 Mrdtotiidus phieohs 
13- fabatU 

16. £. 

17. Truntitla inierrupfa 

18. r. caps&ferfKts 


Poteell Rh^r^ RherP. O.^ CompbeU Gj,, Tetm. 

Walker eolL (Adains, Aug. 23, "99)- 

t. /ifflWrfJld pHivta Cd^Jofa $, Eurynta fabaUs 

3 . EUiptia dUaiaiUs d Triin^'Wq iTiqUtira 

3r LosmigUHa {rpfldlfi 7, T, tapj^ormis 

4. EUiptma jHMrKip 


CUKCH DjtAtNACe. 

A'orfft Pork Ciinch Rh^er^ Ta^cwdl Va, 

Walker coll, ( Adams)+ 

J, Ai&imfdonla fniiddr 2 . Eurynia nebvlesa 

Clinch Rivcf, TosevfeJl, Taee^tcll Co,, Vo. 

Cam. Mus. (Ortmanti. Sept, 19, '12). 

!, Fu^c^)^aia batHfttana bigbyfinii s. LesmigeMO badia 
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Clutch Riverr Cedar Bluffs Ta^csu^elt Co,, Fd. 

Carn, Mus. (Ortmanii, Sept. 20, *12, and May 11^ *13). 


1. Fuseonaia pihris bvrs^-pajtonj 

2. F. blffbyensii 

i eytindrtca 

4, Leitingtoftta dalabtlhidej eon- 

rudi 

3. evtfarm^ ] 

d F. {nriferm^ j 

ElliptiQ diluiiittis 
& Loj-ftiE^crnff # 

g. L, ci^siat^ 


to. AloimidQnla maii^r 
iijSirophifui edenintus 

12. Eilipsaria sfubtfrila 

13, M^dhniduj plaif^iHS 
(4, Burynia perpurpurca 
13. E. 

t6r LitmpsHh evata z'entnet^sa 

17- L- fffjcioh 

18. Tr«iia 7 fei (apiaformis 


Clinch JfiVtfr, Rkhlaitd^ Ta^m^eil Co., Fo. 
Cam. Mus. (Ortntann, Sept. 20, *12). 


T. Fujf piiari^ bur^-pfisiarU 

2 , F. iwi-Hf juVjTa I 

3 , F. frflrJEfJioiiff 

4, fyFflcfrjVci jfn^iFota 
3. Lextngioma doiabcltoidcs c^n- 

radi 

d &vifffrmiF > 

7, F, ^fPrmi ari7fPirfMiPi!| 
d EbiptiD dUnius 
g, bsdk 


la L. rcjiala 

II. fflcVnjf 

[2. . 4 p niar^iiRola 

13. Strophiius tdeniuiux 

14. EFipsaria swbfcnta 

15. Mchonidus phtc(tlus 
id Eurynh pfrpvrparea 
17. E^ ntbulom 

iS^ LnmpsiHs €Visia vsfiinccsa 
icjl L. fajdola 


Clinch River,, Rm/cn, Taeewell Co.^ Va. 
Cam, Mus, {Ortmann, Sept, "12), 


1, FiwfOWfllo pihris bursa-pa^iorij 

2 , F, bamcdan& bigbycHik 

3, cylindrica ^rvgillatit 

4, Lidngf&nia dolabcUoidcj fdft- 

radi 

5, FUurabcma > 

d F. ffdi/onii/ 

7. EUipfie dthiafus 

8. LetiniEj^ona 

Ctinck Rhter^ Cleveland, RtLsselt 
Walker coll. (Adams, / 
mann. May 13, '13). 


gu StrophUns ^deniulus 
la Elfipsaria ju^fifn^a 
II. Medt&md%s phudui 
iZr Eurytm perpurpurea 

13 . E. nebuloja 

14. Lampsfiu cmnito 
i> £. fasdoh 

id Trundtla haydam 
17. T. cap^arformts 

'v Fa, 

'■t '99)1 t = Cani. Mus. (Ort- 


fi, Fujconfiia pilaris barja-pasiorij fj. Atnblcma plimta casiaia 
*f2, F. car aEfa/p'^a *f4 Quadrula mlermtdta 
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t3- G- sfngiUato 

*t6, dofcbelhidcs c&n- 

radi 

i7, Pkurab^ ma obiiquu m cocdn^u m 
fSl P* \ 

to. F. w/flrm/ 

♦flO- dihititih t. 

*tl l> iLa.rC/Mtf laM 
*tli Laimigunti 
tl^. ifiiridr 

tl4, ^dhswido^in marginata 


m 

tl5- S^i>philut fdeKiulus 
*tld EUipsariQ fascwfari^ 

■tl7. £. subtf^m 
*ti8. Niphronatat pceforitja 
*ti9r Mfdionidui pla^eoluj 
■♦tm fabatis 

^fai. E. pirpurpufifa 
fas. E. ntbuhin 
taj. Lampsitls vt?aia t?enirtcasa 
fasciola 

*t^5^ Truncilh capsinfarmis 


Ctiach RiiTr^ Fiji it, Russefl Va. 

Cam. Mu 5. (Ortmann, May 13, *13). 


1, Fusconala ptiarii bursu-pasioTis 
i F. car anahga 
^ F, barttcsiana bigbycnds 

4. Amblcma. pikafa ^cstata 

5. Quadrula cyiwdrka s^Tigilhia 
6l Plcur&btma oviformcarffCuieMm 
7+ Ettiplio ditaiaiuj 

K LasTiiigana costafa 


9, AiasmidonlQ margitiiitit 
ID. Ettipsofia fasckiarij 
XI. NcphTanaias pCctorcsa 
la. Mcdiantduj pla^eah$j 
ij. Euryprio ncbvhm 
14 Lampsiiis <rvafa vca^dcoca 

15. £.. faScicia 

16. rrifM4:i7ia capsafarmii 


CHnch River^ St. Pml, tVke Co., ya. * 

♦ 1= Walker coU. (Adams, Aug. S, '99); t"Cam, Mus. (Ort- 

mann. May 14, '13). 


tl. Fwjfonimi ^li^rij 
ta. F. car mahga 
t3, F. ftamffjiflrtfl 
*f4 pHcata costaia 

t> £.fjfnjldJtiit dolabcUaidcs con- 
radi 

t6. Pk«rabcmaamfarmcargcKt€Km 
*17. EUipita dibitatMS 
Lastcna kifa 
iMmigoTta cosbiia 
fi{K Alasfmda^iia minor 
•tu. ma^inala 
fii S fra phi f us cdcnmlus 


*tl 3 - Eltipsaria fajcwlaru 
*+14. Eilipiaria subtcnta 
ti5» Rcphronataj UgamcntiHa gibba 
*+16. N. pccfarasa 

tl7- nifliJfftj 

*|i8. Mcdianidus plafcalus 
tl9, EMrj'iira fabuHj 

t«n. E. pcrpurpurca 
*131. E. Hcbulasa 
E. rccia 

faj. Lampsilis avafa t^tnincasa 
*t^ L. Jasdah 

TrifPiiriWa capsafarmis 


Ciifich Rii^er^ Dungannon^ Scaft Fa. 

Walker coll* (Adams. Attg. ii, '99). 

I. .dmbkma pfkafa cojfota 2. Trundtlatoruhsaffubcmacuium 
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Clinch River^ Clmchport^ Scott Co,^ Va. 

*=z Walker colL (Adams. Aug., "99); Mus. (Ort- 

cnann» Sept. S. ^13). 


•ft. Fujconaia pihru bur^a-paftorij 
*t2r F. pitaris kjueunana 
+3. F. cuttf&lus 
•f4* F, c&r an^hffa 
ts. R iwirvifjfbHfl 
*t6, Amblrma pHrata cosiaM 
*J. Quadruia inicrmcdia 
■IR Q. cyiindricQ * 

RoiuKdaAQ inbirc^lQia 
fio. PUihob^UJ cyphyui 
fii. Lrxingtonia dohbcU&idt^ con- 
radi 

tij^ P* ^formc 
^14, Elliptic migtr 
*tl5, E. 

*t6. Lajiena hia 
*f 17. casi^ta 


*tlS. Aiaimidcmto viarginatpi 
EUipjaria fascii?t&rv 
jso. E. subitnia 

NiphroKmas ligammima gibba 
N. pec0nsa 
*t 33 - Fropi^a atata 
♦"hM. Mtdwmduj phte&ius 
■f^S- Ew/^?«ia p^rpmrpurea 
fad. E. mbuhja 
fsj. E. reeia 

1-2SL Lantpstiis tnmia 1 

*t2QL L. otmia 

*f3Q. L. fastiaia 
tjl. Truntiila Ingufira 
r. initrrupia 

*-f33. T. tgrslosa gmbcrnaculum 
T. capjwfgrmij 


Clinch Rh'cr^ Spcc^r^c Ferry, Scott Ca.^ Vo. 

Cam. Mus. (Orlmaun, July S, ’jj). 


r. Fusconpia pitaAs bur^a^pasia^t 

2. F^ ^mnaaluj 

3. F. car atrahga 

4. pUcaia caslafa 

5. j2ua</rufd cylmdrica 

6 . RofundaAti tubcrcuhla 

7 . PtcMrabCinoovifonntargfnf^um 

8. EUipHa dilatatns 
^ La^igana co-ifata 

m. miner 

11 , A. margmaia 

12 * Eliipraria farciatans 

13, Ntphranaiai preiorosa {seen) 


14. Toxalasma IwidKm 

15, Afedtamdus p!atcolui 
Euwyma fabalis 

17^ E* trabatis 
iS, E. perpurpurta 
ig. E, Tsebuhja 
20. E^ iiaaujtrmensii 
ai, LawtpAiiS avaia vcttiric&sa 
Tmntitia irtqmlra 
aj- T* iniermpta 
24_ T, icniar 
25, T. €ap\tafarmis 


Clinch River^ Church F&rd^ Scett Va. 

Walker coll. 

U FHffflJiffta car analoga 

fflOC, aMEB- fHlL. SPC-, VOL. Lvn, V* OCT, 1^ 
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Clinch Rizvr, Hotion Ford^ Hancock Co,, Tfwn. 


Walker coll {Adams, Aug. 14, '99). 


I . Fusconaia pilaris hurjii-paslef^s 
Z. F. atnepfus 

J. Rotundi^na iubcrtuititc 

4. Lajmi^am cosiQi^ 


5, l^fphronaiaj ligatitrRUna ffibbit 

6. pectorifsti 

% TruiidUs friqu^ira 

8 . Tx iapss'farmh 


Ciituh River, Kyle Ford, Hancock Co., Tenn^ 

Walker colL 

1^ Fwscftnaia piiaris tnrsa-^pastorij 
z F. pihris 

F. 

4. Picurobevia ovif^rmr > 

5. T. (miforme orj^^pif^KWi] 

Cliftch Riverj Sneedvith^ Hancock Co, Tenn. (“* between Kyle Ford 
and Sneedvillc ”). 

Walker coll. (Adams, Aug, i6j *99)* 

Fusconaia pilaris bncsa-pasiOTts 4 . Ellipiio ditatatus 

2. F. cor analogii ^ Elfipsoria sublCttta 

3 . Phtkobasits typhytts 


6 . Eitlplh dihiatus 

7. ElUpsarh subienia 

8. Aft^diortidus phirolus 

Trun dila f £»rifi0iaM^erHaru turn 


Clinch Riacr^ Oakmaii, Groinger Co., Tenn, 

Cam. Mus. (Ortmann, May 25, *15; Sept, 14, *15). 


]. Fusranaia pilaris hurso-pasloris 

2. F. 

3. Amhlema pUtala eostafa 

4^ Hi^frTulara 

3, FUthobastis cyphyns 

6 . F^fifrefc^pnff rubrum 

7. ElUptw maer 
B. F, 

Qt LajisAO laid 
ICL Losmigaaa tastata 
ll. AiosmidaHia miTr^inafd 
lz Strophiius edcaiMlMS 
13. Eilipsaria fasdaiaris 

14- Cyprogenia sirgaria 

15- Nephronahs Hgamrniina gibba 


]6r Nrpkronaias peciorosa 
17. ^fliy^cfoifdPtaiVr Irunfo/d 
t 8 . Fropiera otala 
zp. Modionidiis platealuj 
20 . HurjnEO ncFHf 04 d 
2 r. £. trdHHXffPirJVfE^ 

23 , E. recia 

23. Lampsiiis ovoh I 
24- ovata 
35. L, fasdoh 

26. TniJiffi/fl trigaclra 

27. T. arc^fermis 
sS- T. mtermpta 

2SL T* iorvlosa gubemaculum 
30. T. eopsaformis 
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Clinch River, Clinch River Stathn, Claiborne Co,, Tetin. 
Cam. Mus. (Ottiuann, Sept, ii* ^13). 


1. Cvmbtriandm tnanndQnia 

2. Piistottaia pHarii bufj^-pasloris 

3. 

4 F^ f £}r anaia^a 
S* pticaia eojfsta 

6. Qiiei(JriiIjci i:ytindrie{st 

7. R&tmrdoria iubercuhia 
S. Fkth&basus cyphyui 

9 . Lcxmgtonia d^iabePoidt^ con~ 
rodi 

[Q. Ptcurobema obliquum ru^rmn 

11. Etiipfio m^er 

12. F. 

13. Losiniifona ceslaia 

14 Aiasmidi^nfa Hidrgiiiotfl 
[j. S^Ophifuj edcnttttit^ 

16. Eiiipjaria fa^dviarir 

17. £. jwfrlrni'ff 

iSL Cypro^enm iti-garia 


ig, Dromnj drgmoj citpera^us 
20r P^ephrgmioj ligam^atina gibba 
21 . N, pentgrosa 
33 . /rn urate 

3 J, Farapfera fragiiit 
34 Prop fera dtete 
3 > Medion idui phieohis 
26. Enrynia fataiis 
2 j. F. nebuStfsa 
F, rerta 

2^. Lampsitij (Wfite 
jCL L, oi'ote Ffnfnrara 
3t, jL. fasewia 

за, TrMFinVte iriquHra 
33- T- arcirfomm 

34 T. rmi^te 

3 5 F- Aa^^xrtiMO 

зб. F. tenttera 

37. r. capsirfonttii 


Clinch River, Black Fojc Ford, Union Co., Tenn. 

* = Walker coll. (Adams^ Aug. 19, '99); t = Carn. ^^1J5. (Ort- 
mann^ Sept^ 15+ ^15)* 


FjfJfflJiaia pifnrii btirsa-past&ris^ 
I2. F. pHaHs icsuctiitiana J 

t4. plicaia coifafa 

5. RoiMndoria iubcrciihi& {seen) 
t6x FkthobasMj cypkyut 
, +7. Picurobftna obtiqumm catiRuJ 
F- obtiqMum rubrum 
^ EHiplh ddaiafus 
*10. Fo^Ri^OJiji cirsloio ($i-cn) 

*fii. Alasmid&niQ fNarginof^ 

12. Strophiiiu fdtKiuius (scert) 
fij. EUtpsaria fasdoloris 
*14 Hr jubfenia 
tijr Cyprcfgenia stegaria 


fid Nephremias tigammUna gibba 
ti?. pecioroja 
•fjS. Amyqdohnmaj fm^rate 
19L Froplero alata (seen) 
fsa. Mediouidus piaffoius 
t 3 t. nebMhia 

23 ^ F. recta (seen) 
t23. Lampsitis ovata 
*24. F 01'uld ventricosa 
t^Sr L. fajci&la 
*f26. Truttcilla triquefra 
*ts^r T. inUmtpia 
*t 23 . T- 

T. i&rnhsa qubernacwlum 
•tjOr T, (apstrf&rmU 


Rk^er, Walkers Ford^ Union Co,^ Tmn^ 
Walker coll. 


1. FifjfoHittfl bawHcjiana 
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Cfinch River^ Needham Fordj Unhn Ca., Tenn. 
Walker coll, (Adaros, Aitg, 19, "Qg), 


I, Cicw&frlciKcfia tpicrjp^jifcjila 

a Furrswaicr pihris bvrsQ-pajiQrU 
j. F. pUaris hsamriQna 
4. F. fur 
$. F. car anahga 

6 , Raiundaria fubcrcuhia 

7. Pkihota^^ eyphyus 

IL Phurokcwia } 

9, P. 0£^/l^uHM1 rpcnnruiFi| 
la F. s&^iHgNuwa rubrnm 
tl. Flfiptio mgfr 

12. E. dHaiatus 

13, irOJfliiiPOfffl coitata 


14. Alasmidonia marginaia 
IS- SiropMtits edtn^ulus 
[ 6 . Edipjaria faJ^wlarif 
17. Cyprhgcn^ ji€gar{a 

15, i?r<^pijrr droiHos ciip€ratMS 

iQi NcpbraHolcu Ugamentina gibba 
30. N. pectoTom 

21 . Faraptcra kpiadan 

22. Propi^ra aiata 

23. £ifr3«Mifl! rrrJo 
24_ Lnmpmiu avata 
25- L. ftucwfa 

26, FruMriFfl 


} 


Ciinch Rk^er, Kelly Ford, Union C&.^ Tenn. 

AValker coU. (Adams, Aug. 2o, "99) ('"between Kelly and 
Sharp*s Ford^’). 

I. CuPi^^F/fTFtifcq ffwnadania 2. TrunciUafaruiaragMbet^aeuimn 


Cimeh Rk^cr, below Jgee, Compbeli Co,, Tcnn. 


Walker coll. {Adams, Ayg. 24, 

t. Cuul^rr/a 4 dld nfSfisdcjPElu 

2. Fujcenoia pUorii Imteuriona 

3, cyimdnco 

4 ^ Refundaria lir&^rcru/qfg 
S- Flethobasu^ eyphyms 

6 , Lcjiringliinia daiabelhides 
7 ~ Flturahcnia q&JiF/uuiii 

B. F. rubrum 

Clinch Offutt. ^itidcrson Co 

Cam. Mus. (Ortmann, Sept, i,' 

1. Cumbcrlcindia itionodAMlP 

2 . Ftiicanata piidrU harja^paJiartj 
3 r Fp pitatif /rjirf urrappa 
+ F. cunealus appresia 

5- Amblctna pUtata casioia 

6- Qud^ru^d pusinhja 

7, Fsiupdana ^ufcerrii^flfd 
8L PUlhabojus cypkyus 
9. F^rivrsfr^nia cMiVuttfll 

to. P, d&Ji^jcHPn rufirutH 
It. EiUpiio niger 
12, E. dila^aiuj 


'99) {Agee to OffuU . 

9. EHfpfia niger 

10. E, dihioiuj 

11. ElIipjaHa fusdaiaris 

12. Obiiguario refitjrs 
13- Cypragenia itcgaria 

14, £ 7 rstffur drduior taperafus 
IS- Nephronaias {igameniina gibba 
16. 

p, Tenn^ 

14)* 

13^ Losmigona casiata 

14. Milipsarta fasctolari^ 

15 - Cypragenia ^tegada 

i6. Dramits droMNoj eaperalu^ 
tj. Nephronaias ligamentina gibba 

15, Fhgioia Hntolaia 
19. FraptcTQ alata 

Furj-Ard reeia 

21. Lampsiih ifvata 

22. L. fasdala {seen) 

23. L. arbicnlata 
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Clinch Rwcr, Clinlon, Andersm Co.^ Tenn. (^Jopr^ Fctty), 

Walker coll. {Adams, Aug. 25, ('"bctiveen Offutt and 
Clinton: t=CarT]. Mm. (OrLmann, Sept. 7, "14); (no. 4:3: Hart¬ 
man colL)» 


1, Cumbertfnidia 
(seen) 

■2. pMscouom pihrii 1 

•t3- F- pihris ^^jSfi-aWqNfl I 
t4. f* pUarts tur^a-piMforu J 
ts, Fp ) 

*iU F* o^^rcjja| 

t7. Fx frarjifJfilHO 

Amirtema plkato eoitata 
fgi. Quadrvlii pujiuhsa 
0- cyfindriea 

*f[]. Rotundfiria fub^mtaia 
tn Pieikifbafuj cyphyus 
fiy. Lexin^jfonia djithbelhidej'i 
fj4. L. dohbelhid^s aonradi | 
*ti5* Ptturobema ) 

tl6, P* itbliQMum cordiitum | 
♦17, F* fiij/iigMirjjf i-y^nim 
fl8- F. otdf&rmf 
Btiiptio nifffr 
•+ 30 . Br dtiafaiui 
fsi, Lufifria lata 
* 23 . Lasmiifana rfljiq/a (seen) 


t24. Strffphiius edenfuluj 
^t^S. EUipsana fasdahrij 
t 36 . E. mbit Ufa 
t27. 05 iiigyqr» refitjea 

fag, JJrQmUj (frqjjutfj 
Ob&t^uFia reiufa 

^J. Ncphri?mw lisamtndna ^bba 
*fS2. Arnyffdahuias truMeaif$ 

33. Proplcra ahla (seen) 
f^. Lemioje rim^^jus 
f35. Fuo'yiq Viinusfmenjis 
•fjd. E. rteia 
•t37. Lsmpiitk iwain 
-fjS. E vntifricoia 

t39- L. fastieila 
*t4Q. Truarida 
t4l_ T* k^yjiaiiit 

t42. T, sfrKardseiii (HartHL c&IL> 
pretpmqtta 

t44, T, ffl^jsrfqrjjTij 


CUnch Rk/erj Edgemo^r^ Atidcr^i^ii Co., Tcnnr 

Cam. Mns. (Ortmann, Sept. 8. '14; Sept 17, '13). 


t. Cumberhndia moRodonfo 

2. Fusr&nam pilarts 1 

3, F. pilaris ksueurianc | 
4 F* pilaris bursa-pastoris J 
5. F, for 

d F. btmt£jie(na ) 

7* F* bamejiana iumssceits | 
S. Quadruia pustuhsa 
p- Q~ Q'Fnrfnffl 
ID. Roiartdaria iMberemlata 

ir. Flslheibasuj caaperianus 
F. rypkyus 

13. PUurffbcmif obUqnum 1 
14 P* p&F^ifMPM forrfo/ttPrtl 

15. F* ofrfirjHMPR fafi 7 /u 4 J 


i6l F^ rii^rHiH 

17, F, w/finrif /iq/ilonrn^f 
iS. MillpFa ni£?fr 
F, djVofdlyf 
3a, Lusfena iaia 
21. lofFUr^oitd costata 
23 . Alasmidanta marf/inaia 
Sfr&phiius tdfniulus 
34_ EllipsaAit fasewtaris 
3> Obli^uana rfjffjro 
2d. Cypre^ema sifffitria 
27. Dromus dramas caperaiuj 
38. Nsphratimas lif}ameniina ^ibba 
391 Amy^dahnims 
;% 0 . Par^piera lepiadoH 
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Ji; 

33. Proptmx afata 
33. Eurynm ft eta 
3 - 1 ^ Lavipsiiii tyvaia 
35- jL. avafa fenfFteo^a 
j6. Lr faseiofa 


27 - TruneiUa iriquetra 
38, Tp interrMpta 
T, kaystana 

40. T, prapmqua 

41. T* capsttfarmU 


Clinch River, Sohmy, Kno.i Co., Tetm. 
Cam. Mtis. (Ortmanrt, Sept 12, '14). 


]. Cumberiatidia manoditHta 
3 . Pajconaia ptians 
3 “ pHarij lentFUnmia 

4 - pdaris barsa-pgjforis 

5. E~ appressa 

Sr F. barnestana bi^byeHsij 

7. Ambierna pUcata eoslata 

8 . Quadmh pusluiasa 
^ Q- ^'imdriea (seen) 

ID. A!c 7 l«rfJciria iub±'reuhta 
] t. PtfthGbasus eyphyas 
13 . Ltjnnqioma dotaMioides 

13. Piear^tbtma 

14. P. cQrdatum 

IS- F. 

16. obliqiium rabrnm 

17. EUiptia ni^sr 


18. EUiptia dibiiniuj 

19. Sirapkitus edrntulus 

20. Obliquariu reji^jra 

31 . Cypro^fnia itsfforia 
22: Dromus dromas caperaias 
2j. Miphronaias iigiiiii4f‘nftna gibta 
24. Amygdahnaias iraneaia 
35 ^ Paraptera fragilij (scoi) 

26. Proptera alaia 

27. nebHhsa 

28. E. rseta 

291 LampsiHs ovaia ] 

3*. L. cnmfa 

3E. A, qr(id:et/dfj 3 
J2. TfiicPifiVJa 
33. T* biiysiana 
34 - 7 ’- eapstsformis 


Clinch River, Patton’j! Ferry, Roane Co., Tetin. 
(According to Pilsbry & Rhoads.) 


1. Faseonaia pilawU 

2. F. e^r 

3 - F- frarwrjiTflJifl tHmfseenj 

4 - AmbUma ^^iVals easiafa 

5 - Qtiadntia pustulosa 

6 , Piethobasaj eoopeAajias 

7. Pifttrqfcrffio m ru&rHtn 

Sl Eilipito nigtr 


9: Eilipfia ddaiatus 

la ivtcrri^irtqrd 

II. refi^m 

13 . bfepkronaias ligamefifina gibba 

tj. Piagiola Eneotaia 

14- Euryais VOHUs-tmensis 

la. LampsOis fosdota 

16 TmneUfa prapiwga^ 


{Small tributaiiies of Clinch,) 

Panther Creek, Hatieock Co„ Ten», (near Sneedviltc, abo spelled 
Painter Creek). 

Walker coll. 

1 ^ Slraphiius tdenfuitu ^ 
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Cove Creek^ CAryvilte^ Campbell Co.j Temt. 

Walker colL; t = Cani. Mus> (Ortmann, SepL 12 , ^15). 

fl, Fiif^£>iiind Medhttidus phiealus 

f 2 . F* bistyrnsis t> Murynia nebnh^a 

^3, Ljjsmiff<?n0 badia £. vanujreminsU 

Coal Creek, Anderson Co,, Tenn. 

* = Walker coll.j J = reported by Call 

•Jl. iwTtfJWrtfl *3, CampStJu 

Cane Creek, Offutf, Anderson Co., Tenn. 

(Ortmann^ Sept, i, ^14). 

RMryula t^nttxemetiM (seen} 

Bat! Run, Hciskell^ Knox Co.^ Te^m. 

Walker colL 
1. Losffdgofia bodia 

(Dkaixage of Popi-AJi Creek.) 

Brush Fork, Marlon, Anderson Co., Tewft. 

Cam. Mtis. (Ortmann, Sept. 2 , *14)- 

1, Alasmid^nta mmer 3. rqnttr^flienjir 

2. Eurytiis ntbuloja 

Poplar Creek, Roane Co.^ Tenn. 

*=Walker coll.; $ = reported by Call. 

•l. Futconaia ameotus } •+ Atnble^ta plicaia eostata 

*tJ, F. fHiK-aliu appreasa J *5. Plevrohema aviformt 

‘ * 3 , F. ear 

Emory River^ HarrUnan Junetian, Roane Co., Ten». 

Cam. Mus. (Ortmann, May iS, ’15)- 
1. EtliptiQ tiiser 2. Enrynia nr&HfojO 
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Emory Rirer, Harriman, Roane Co., Tc«n. 

I = according to pjfsbry & Rhoads; t=Carn. Mhs. (OrUnaim. 

^[ay i6, ’15), 


tti- Fuj^onaia fMn^oius 
^3. F. bafnrnatja luine^r^s 
f3. plicala €<fjla(a 

t4- Pteur<fbtma 

P. (n^f^tnnc haUfQWtiM 
6. EHiffth nifffr (wtn) 

^77, E, dthialuj 

iojflii^djio iiosiaia (seen} 
FUifnatia fojciolarij 


ffio. rojTtf^a^JHa ^iWufft 
tn. Midi^nidus pli^iffoius 
£iiri'iaifl pcrpurputfa 
tfj. F. iffbulifsa 
tf 4 . B, vatiiLTemcnj^t 
ti 5 ^ LampsiFs vir^scens 
+16. iw DZ/afa veiiiricifsa 
^17. L. fascwta 
tiSr Trsmcitia iurg^idut^ 


Holstos DaAiK'Ace, 

(He.-VDWATEJIS,) 

Little Mocassin Creek, Cate City, Scott Co., Va. 

Cam. Mus. (Orlinann, May 16, '13). 

I. Lae.„isom badia . E>,ry„ia va»uxeme>,sis 


Big Mocassin Creek, Wiihw Spring, Rits^eti Co,, Va. 
Walker coll. 


I, Fuseonaia b^raesian^ bhbyensis 2. PhHrcb.»,aootiorn^arsentenm 


Big Mocassin Creek, Mocassin Gap, Scott Co. Va 


Cam. Mus. (Ortmann, May 16, 

I- FpfjiTonata ctinrohu 
S. F. bam£Sianit > 

3 - Fbarmstan^ bi{fh^snsis t 

4 - Quadnda tydindrtCQ 

5. Pii^f^bemaovif 6 rmear(ff¥if€Ufn 

?- A. Htar^tnaia 
S, Pfffitij fabuh 


'13; Sept. 9, ’15). 

9 - BHipsaria svblriiio 
10 . Medi&nidus plLiic-oltu 
11 + Eurynm mbuhsa 
12. Mr ^nvsimtajis 
Ij. Mampdlij ovnia vifiiiriii&ia 

14- B- 

15* T^rttncHia capf^fifirnti^ 


Rorih Fork ffolston River, Saitville, Smyth Co., Va. 

t = Cam. Mus. {Ortmatui, Sept. 17, '12); ^^Cam. Mtis. (O. 
A. Peterson^ June 20* "17). 


t'Jf Fyjfojsfl'ia b^m&siana"bi§b;p^ft^is 
t*a- LtJcingfaniQ dolabiUmd^t enn- 
ri:Ldi 


74 . Lasmtg^na 

t5. AimmidiPnta minor 
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Pfffias fatfiih 
tflL Strcphilvj cdentulus 
tv Ettipsaria ^utUnfa 
tJO. Ntphrmwias pecfi>r&m 
T&x<^lajr»a Hvidtim 


eoa 


Mi^dionidus phle^oiuj 
t*i 3 , Enrynia nebulifsa 
t* 14 . E- 

tJ> Lafftp^itf (jvata treniric&Si^ 
L. fasciola 


JVortA fork Holston River. Hohton. fyasiwiglon Co., Fa. 
Walker coll. (AdajnSp Aug. 13, ^oi). 


1, fusconaia cor anaSa^it 

2, F, ^a-rnrjiaira ) 

3 , F. bamcsiana I 

4 . Lfxin^lama dohbfihidcs ri 7 >n^ 

radi 

5. Phurobtmaamformcar^cnli' uni 

6 . EHipiio diiolaiuf 
7+ L^Sifti&ona cosfold 


8* Pegias fabuia 
9 . Eik'p.$aria subtcnta 
i(x NrpffroMaias pcctor&sa 
ir. Imdum 

12 ; Lrmiox rimosns 
13 - Mcdiomdus phicafus 
1 + FBfyiiM nrbuhsa 
i 5 r Lampsiiis fascioh 


Norik Fork Nolston River, Mettdota, JVaskingtott Co.. Va. 

* = Walker coU. (Adams, Oct. 13, ’ot>); t=Cam. Mus. (Ort 
mann, July 5, *13). 


+ 1 , Fufifoiiala pilaris bursa-post atis 
ta. F- cuneolus 
*t3. P~ fsr aaaioga 
t4- F, barncsiana 
\S- F. bantesiana bigbycnsij 
t6. Quadrula intcrtucdia 
t7. 0. cydittdrica stri^illata 
8. i?£^iiiirc^ri£i iubcrcuiaia 
*t9- Lc-siHgfanh dolahelhidcs con- 
rodi 

fio. Plcurobcma oviformc } 
fll. F_ oviforwic £rr>^fiij'rKHi| 

•tr2r Etiipiio dilatatus 
t]3, Lasmigona coslafa 


ti 4 + jdlosmidonta mdr^riPiaj^ir 
Pcgias fabuta 
fni EUipKiria fascialaris 
*ii 7 - F, 

f iSl l^^cphranaias pcciorasQ 
* 1 ^. Medwmdus platcalvj 
pcrpurpursa 
E- ncbuhsa 
1 ^ 2 . E. vanuxfmcMsts 
t 23 , LampEtis avala vcniricosa 
t-if, l„ fasciola 
f 25 - r™ir«Fa Iriquctra 
7*, capsxfortnis 


A^orth Fork Holston Rivcr^ Hilton^ Sroti Co.^ Va. 
Cam. Mils. (Orlmann, July 7* *13)* 


1+ FBjc(?tfaia pUaris burja-pasioni 
2. F* pUaris Usueurhna 
3 r F. cuneoivs 
4 F. car amhga 

Ambtcma pticaia cosfata 
6 , 0iia^rifld cylindrica slrigiilata 


7., R&iwndaria iitbcrcmlafci 
fil LtsiHgiania datakclhidcs can- 
radi 

gi Plcurobcma ovifarinf 
la F. avifarme argcuteum j 
II. Ettipiia dilalaltif 
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iJL Lsjmiffo^ta coslata 

13, 

14 , Straphlius edenfuiuj 

15, Eidfrssrid fiudoiarii 

l^^ Nfphr&naiai peetor&sa 

iBl /iiarcaittj 

iOl fabalii 

2a E- At'^^wr/Jirrfa 


21. £. 

22 . £. i'fjprtur£'»tf Jtfflr 

23 . Lsmp^lis oz'nia ventfic&so 

24 . jL fQSMh 

Sj, Trttn^iHQ iriqu^&a 
26. r, inh'fTupia 
haysiana 

25. T. caps^formis 


North fork Holston Rivtr, HuUlQn Bridge, Sc&tt Co,, Va. 
Walker colL (AdamSp Aug. 11, 'Ol). 


I* Fusconota pilaris lfsutunan<i 

2. F, car attahga 

3. F. ^npfjifirta tigb}fsnsis 

4. Quadrula cylindr{i:a ^IrigiUuta 

5. Ellipita dilaialtis 

6 . LasMtffona ccitata 

7. Etlipsaria subienta 

B, Nephranaias Hffamentitia gibba 


g, ArH?/?Af^?ifai'aj pectorosa 

10. roj^nTiMSMB 

11, twpPKjrfw^ftJiJ 

J2. Lampsilis fasctola 

Ij, TriiJTnite iri^uif/ra 
14 , T. inierrupia 

i%r T. torulasa gw&frppafii/nffl 

i 6 v T. rupsicforfnis 


North Fork Hoist oh Ehrr, Rother^vood, Hazokins Co., Tetw. 
Cam, Mm. (Ortmaiiii, July I3, "13; SepL 5, *13). 


1, Fusconaia pilaris bursa-pasi^ris 

2, F+ pilaris Icsti^uFiaHa 

3, F, cvnraluj 

4, F, c^ir BPio/iJ^a 

5, F^ &arpirjicippg ) 

6 , F+ iNJrtffjisppfl J 

7, ^fn&^rpppfl CQstata 

a, Quji^p^ia cj-^fPprfnVB striglihta 
g Eatvndaria Ipj&rr^rpifofp 
10 . cyphyus 

IT* Z.frn'pp^fppirp databitltiidcs fo#P- 
radi 

12. Pl^rotcma ovif&rme J 

13. P* Qvifarmt J 

14- EUipiia ditaiaims 

15, £ 4 UPiei^aNP 
id ^fd^mp^pnla mafginata 
17, Strophiivs ^denfului 
iS, Eilipsariii fasd&kris 


Eitipsaria 

30, Ntphramias iigafiirnima gibbt^ 
21* AT. ptciarosa 

22. Propura alata (seen) 

23, /^p#JP>Jr n’pTifJJPtJ 

34. McdiQnidvj plaleobts 

25. Evryaia fabatis 

26. E. perpurpureu 
37. E. Plf&HjpjP 

29v E. vtinuxcmtnsis 

30. Er recta 

3)0, Lampsitis ovata pcntricaia 

31. F, fasciola 

32. Trundlia triquetra 

33. r* mtrrrupfa 

34. r, IcnioT 

35. r* Aayjfaiia 

3 d. F. ^f(£pfrHafpj/ipprt 

37 + r. capsiFformij 


} 


Middle pork Haltttm River, MariQn, Sniyth Co., Va. 

Cam. Mus, (Ortmann, Sept. i6, '12). 

], Bur^'nid 2, Ettrynia wnuremeHtii 
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Middle Fork Holst on Rh/cr, ChUhcuH^jf Sfnyth Va. 
Cam* Mus. (Ortmann* May *13). 


I, Fuseuxaia b^iejiana biffbyttisis 

£ FlrurQb^ mu ovrfarmearffen tea m 

3, EUifftio dviaHiius 

4. ecetuta 

6 . A. mar^inata 


7 n EUifffuria 

8L Medtuniduj phieolys 
5. Euryma Hffrufdjo 
m. E. vsnms-ernmAs 
IT. LampAUs faicwia 
12; rruMfiV/d u^lken 


Laurel Creek, Mock's MUl (near Vestal P. 0 .)> Co,^ Va. 

Walker colL ( Adams, Aug;. 26^ '01). 

1, FiMr47iiat4] bamestana bigbycnsts 


South Fork Holst on Rk/cr, Barrott^ IVashington Co., Fa, 

Walker coll. (Adams, Aug. 14, '01); f = Cani. Mus, (Ort- 
mann. May 19^ '13). 


f I, •§. Nephrmaiai pecioras^i 

Fteuroirerttaoffiforme argent turn Medt&mdus phltrotus 


*3. Ediptw ditataius 
*4. Ldfmi^o PTci eoslaia 
t5* Aias»ddfjntu minor 
* 6 . A. margjnala 
*7, EUipsaria svi/fenia 


*fi<K Eur^'Wid N^fcff/cfo 
*iii, E, ^nusemensis 
*fi 2 . LampAHs faschla 
*ti3, Trmnnlla walkeri 


South Fork Holst on River^ Fish SuUhoit Co., Tcun. 
Walker coll. (Adams, Sept 6 , "01). 

1. LesiufftaniQ datuteltaidcs con- 4. Eurynia nebtthsa 

radi S E. 

2 . EUipfio dilataitij 6 LampAtu fusciola 

3. Nephromias pectoroja 


South Fork Holston Rk^er, Emmeil, Sullk/on Co,^ Tenu^ 


Cam. ifus, (Ortmann, July 9, 

2. Leiingtoma dohbAtoides con- 

radi 

3. Ptenrobcina oviforme ) 

4. P. atfjformc dr^enlfMiK] 

5. EEipfh dihiatus 
Sl JLajniif dKa eosiaia 

7, Aiasmidonfti marginaiQ 


13)- 

8 L Ehipsarh fusciohA$ 

9l EtiipJoria sttbienia 

to. Rephronahs pcctarojo 

tl. Eufyntfi nrbutoM 

13 ^ E. MJlHJrrmertiiJ 

13, LampAEf oijaia venintom 

14^ L. faschh 

15_ Tryiipl/d uraSkcri 
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SQfith Fork Hohtofi, Bluff Ci£y, SuHivan Co., Tenn^ 
Cam. Mu&. (Ortmann, July lo^ *13)- 


1. Fusconata pilaris hursu-pasfons) 

2. F* pilaris Ifsututisna | 

3. Fu barn^sia*ia I 

^ F. barn rsiufta bit^yensis | 

5. Qitadrula inierTnrdia 

6 . Lfs^ingiama daiabt:fhides 

radi 

7. Pfffuo cJX'i/prHi e argruUum 
S, Ellipih dihfaius 

^ tasmigam badia 


la ZrArringc^PFo cosiaia 

11. tffur^lltifld 

12. SlraphitMS ^dcnlvhs 

13. EUipsaria fastwlaris 
I4r E. stibieuta (sceti) 

15, N^phr^tmas pcclarosa 

16, E^rynia ntbulosa 

17, E. i^anujr^m^nsis 

iS. Lamp jilts ovaia vrniritQjat 
iQ. JL fasciah 


Bcaz'cr Creok^ Bristol, tVaskiuffton Co^^ Fs. 

Cam. Mus. (Ortmann, July 6^ ’13). 

I. .dhsmldonta minor 2 . M^rdiomdHS phteolm 


South Fork Hohton River, Pactohs, Sut!k*un Co., Ttnn^ 
Cam, Mils. (Ortiuann, May 20^ *14), 


1. pilaris bursa~pashris‘f 

3 , F. piiarij Usufuriana J 

3. f. bemcsiana 
4 r Atnbkma plicaia cashta 
Quadrula irtltrntfdia 

6 . cyliKdrica jirigiFafa 

7. Estundaria itiberi^utaia 

8. Pharaboma ifxfifarm^ 
p, P. aviforma orgtnieum 
10 . Eilipth tilgpr 

It. E. dilatatus 

! 3 . Lcrjaiitr/ojT^ tojiaia 

13 - Ahsmidonia margmala 

14- Pogias fabuta 


IS- Sir&phiiwj rdcPifM^nj 
16* EUipsaria fasciohris 

17. £. 5 M^ifPi/a 

iSL Nephranaias liffameniina gitba 

ig. A*', psetoraso 

30 , Madwmdtis p!aieah*s 

21, FMO'npfl fabatis 

22, iMmpsjtis ot^a vfntricojs 
^ L. fasciola 

24- iriqactra 

35. T. icniar 
26. T* haysiana 

57. F ^M^flTTOnf/uffl 

3®. T. capsafannis 


Walatiga River, Wataitga, Carter Ca^, Tam. 


t=siccordin£ to Pilsbi^' &: Rhoads: t = Carii. Jilus. {Ortmann, 
July 14, '13). 


ti, F]^.frond^ piiaris bursa^pastorij 
tfi F. ItamirjidMa 

tj. Pk arobewa oviformc argcAicu ph 
t4- Lajmigona badia 


tS- b^apkromiaj pcctarasa 
t6. Eurynia nebuloja 
t 7 . E. vaausrtn^nds 
tS. Latnpsiik fojciala 
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Watauga Rwcr, Johnson City, IVoshington Co., Tenn. 
According to Pilsl)r]i^ & Rhoads, 

1 . Fusconaio 6. Medwnidu^ pioteo^tti 

2 . EiUpdff dilotaimj 7* Euryma ntbahja 

3^ Easmiffona cQsiQio &- E. ^nux^wii^nsis 

4, Alasmidonta miorginaia g* LompAHs fajdola 

Siropkiius idenivSns 


(Holston' Proper. ) 

*# 

Hotston River^ Church Hili^ Haztfkins Co.^ Tenn. 


Cam- II us. (OrtmanUp Aug. 2] 

1. Ftuconmo pilan^ burs^-pasloris 
SL E, pilaris ksutstriana 

3, ptofa costata tscca) 

4. tmffrmfdiis (^ccn) 

5, Q, cylindnca 

6. Foimidaria tHb^rcuIaia 

f. ElHpfio mgsr (seen) 

* B. Er ditatalus 


i. '' 4 >- 

g. Lasmigitna badia 
m L. cosfata 

ti. Ntphramias li^arnsnima gibba 
I a PropUra ai^ia (a«n) 

Ij, Eurynia fabalis 
14, Triifloi/fl k*iior 
13, T* kaysiana 
td T* capstrformii 


Hotston Rwer, Atislin Mill^ Hou^kins Co.> T^mh. 

Walker coil. Rogersville/* practically the same locality); 

f=Carii. Mus, (Ortmanop Aiig. 54, ^14). 


[, Cm ffi^rr/apidif] mo nodon ia (seen ) 
2 . Fmscotmio pihrU Usu£uruina 
(sccfi) 
eunsalus 

f4. F, euncotus appmsa 
t3. F+ bamfsiona 
f6. plicata costoio 

’^ 7 , tylindrica 

18 . iH^^rrvfa/d 

^ Pkurobfma abliquum rubmm 
fia Ettipih tiiger 

fii. £, ditaiaius 

fia. /.ajtnipoprq coslala 

fij. Afoimidonia marginata 


tr4- Eilipsitria fasdoiarii 

fij. Nsphtonmas iigamratina gibba 

ti( 5 ^ N* ptciorosa 

* 17 . To-iotasma tividum 
*i8L Lemiojt rim^fStiS 
tt9L £iir>nw Hfbulosa 
f30. Larnpsiiit «wlc* irr«lrifo.ji 5 i 
fa I, Trundila friqu^tro 
T- orc^formir 
*f 23 . 7 *. 

T. ioruhso gubemofttium 
r. mr^id'ir^a 
^36. saps^ormis 
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Holstoa Rhert Holsloti Siaihuj^ Gro^ggr Co., Tcnn. 

\\allccr colL (Adams); t = Cam. Mus, (Ortmann. SepL 

*S> '^ 3 )- 


fi. Futeotfuia pHefit t^fufuriatia 
t 2 r F, cmt^Qlus 
tS F- ^rPifjroiifl 
*4- R&tsindtfria lubi-nnhta (ietn) 
t5r Piir^hgbatHj cyphym 
PkuTQbema trbXiquum ] 
t?. P. cQrdaium I 

fS. P. obU^um ricfrrNm | 
t9- P^ oviformf 
*io. jE'Wi^fiV nig^r 

fi2, Laitfiiffona cajiaia 
t^3- ^dhjiTHfdoniti iftarfftttaia 

tJ4- Siraphifui 

tiS- Eftipjoria fasciciaris 

ti6. E. suhtcnia 

*fi7r Druffms dramas capfratus 
fiS, Obovarta ju^cpj'uHifo 
fj^. Ncphranaios UffameRiina ffibta 


''t2Q, Ncphronaias Airfareju 
Parapters Itptodon 
f22. F* fra^ilis 
Proplera algia 
^^cdwmdus pfateaiui 

iZir/yii^ r^cia 
fafi. Lampsiiis ovain 1 
L- at^aia veniricasa I 
t^fir Z., fasnoto 

Tf-miciita iriquftra 
tjo. T. arcitformii 
7’+ inicrrwpta 
tja- Pf bayfiiiisa 
t33‘ T. sistimrdsani 
t34- T, UtLtsi 
+35- T. iarffidviit 
+36. r. fiarfHfma 
+37* Pr ^apsitformis 


Hohtoif River, Noetoti, Grainger Co., Tenn. 
Cam, Mus. (Ortmann, May 32, '14). 


f. Cvmbertandia manadaitla 
2 r Fu^r^pptdiif] 

3. F. pilarij ttsueuriana 

4. F. crun^^juf ^ 

5 * f~ citnealHS 

6 - F. ] 

7^ F. Jiajfa j 

pUcaio costata 
9 ^ Guttdmh €yiiRdrica 

to. Ratundaria tabmuJaia 
H. Phurobtma abltquum ''■ 
J2, P, obilovum caliitms 
ij- P^ obUquum £&tdn£um ^ 
14- F. rK^riim 

t$. F. avifarmt 
l4 Eltipiia ni^^r 
17. £. dihtalui 


iS. Lasfnt^atiQ castata 
19 . SirapMtus cd^niulnj 
301 . Eiiipsatia faid&farit 
31* F, subitnla 
33- DrofRUi dramas tap^raitu 
33- N^pbronaias ligamrnHna ^ibba 
Parapifm ffpfadon 
3|. P, fra^Uis 
26 . Prapfera atata 
37. EurynsQ fabetU 
3 ®, £, 

^ E. rrcia 

3G. Latnpsilis o^PilWfu^a 
3^ ■ P^ttrtciUo artafarmis 
3 ^ T+ 

33^ F- f^rt^iduia 
34 ' F. *^a^Jir/chrpj(tJ 
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HoistOit River^ Twrlcy Mill, Crain^ct Co., Tmn. 
Cam. Mus. (Ortmann, May 33, ’14). 


t. Fmc0na{a pilaris 
2^ F. pihris Itfsucvrtana 

3. F. pitarii hursa-pastoris 

4. F* 

5. F* iumtjc^ns 

6 . ^J/iVafa £&siaia 

7. fyli>rs#rjVa 

gL FulMJTiiffflCl /if&CrCK/flfil 

9 l Fkurirbtma obliquum fUibrupn 

la P. 

II. Elliptic ftii^tr (wen) 

li E. dihicitiS 

13 , casfaia 

14, marcinala 

15 , Sir&pkitus ed^niuius 

Elfipiaria 

17, Cypr'Cffcnia sie^aria 

18. JJroniWJ drcfficj tap^^raius 


19. Ntphronofas U^amenfma gibba 

2gx A^ pt^clorosa 

zl, ParapStra fragiih 

22 . FrcpUf'fi alata 

23. Lcmws^ nppsujitj 

24. Euiynia ncbuhsa 

2 5. E. fff/o 

36. Lampsilis 

27. E avata vcnfritcsa 

28. E fasciola 

2^ Truji cilia Iriqucira 
3a T. arcaformis 
31, T* micrrupta 
^ r* haysiana 
^ T* iurgidiiia 

34. E florcniina 

35. T. mpjoifcrmij 


HoEtm Rlt ers McB&e Ford^ Hodges^ Jefferson Co.^ Tenn. 
Cam. AIus. (Ortoiann, May 25, ’14). 


2. Ftijcoaaia pilaris ksmuriana 

3, F, idriTfjTaMa 

4 F, ifrflrPifjiaiwJ htmcscens 

5. Amblema plitata coslata 

6. Quadmla pvslutasa 

7 . Qr eyliftdrica 

8. F(7f«H{larfa tubercuhta 

9. Fhlkabasus cyphyms 
iQL Flcvrcbcma obliqaum 
II. P. e 6 FgUB»f cordaium 
13. P. 

13. P. mbrum 

14. F. ovifcrme 

15 . Eilipiw niger 

16 . E. dilaiaias 

17. i-fljflif^cpnp toslafa 

18 . AlasmidoJtia margimta 


19. Sfrophifus cdeniuivs 

20. Ellipsana faseiolaris (seen) 

21. E. stibicnia (wen) 

22. Cyprogcma siegaria 

33. Droif^us drontas cafcralus 

24. Ncphrotwiaj Ifgamcniina gihba 

25. Amygdahnaias iruttcaia 
2S. Faraptcra fragiHs 

37. Fropfera alaia 

sSL FsfrjPiPcf rccia 
ag. Lanipsilis ot^la ) 
ja E ers^ia vcairicosa j 
3r. Trundlla arcftfcrmis 

32. T* intcrrupla 

33, E hayfiana 

34 E fomiosa gHbernacuiMm 

35, T. iwrgtditla 

36, E eaps^famiis 


Holston River^ Gant Island^, ftesr StmtiL^berry Pluifts^ Jeffersoit 
Tenn. 

Walker coll. (Adams, Sept. 39/00), 

1. TruPTfi/^fl arc^tformii 
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Holston Rh’er, Mascot^ Knox Co„ Tom. 

Cam, Mils. (Ortnand, Sept 6, '14- Stpt, 16, '15). 


1. Ciimbtriandit^ nw^odoKfa 

2- Fifjf^jjdaio } 

3 - pU^ris i^sueuwi^ina f 

4 - hiirn^^siana 

5* Ambhma pikata tifj^aia fscflu) 
d pitjluhsa 

7 , Q. jueiatieura 
Sr Q. f^yiindrita 
0- ^oivndaFta lubercuiafa 
10 , Pkfhobasus typhyus 
IL Pkuroh^ma cMiquum 1 
13^ abliquHm cardaium L 
IJ^ P, obHquum THi^l-utfl I 
1 + P. if^farmc 
15 ^ P- i^riforme hohfifneit^e 
i6. EUiptiff niffcr 
tj- P- dihtaluj 
il losmigona c£fjiata 
^9'- w*lliisfnldo3j,ia tfjurffinQia 
30^ SirQphifus tdenfuliit 
21 + Eliipsaria faicklaHj 
22, E, jubUfUa 
sj- Cyproffff¥fm if^^aria 


24n Drswius dromtis fuperatus 

25, Obavarm juraiunda | 

26. jubroiundit 
Nfiphrot^aias iiffams'Mma qibba 

2S. JV, ptciitruf^ (seeti) 

2P- Purnpitra fraffitis 

30 , Proptera afata 

31. L^fuiojc rimosus 

32- Aiedianidus plaic&lus 
33 , Euryma fabaEj 

34- E. r^tia 

35 - Lampsiiis avaia ) 

3 ^ E e?^ld 

37- L. fajcmiu 
38. Truncilla triquatra 
39- anrafomfu 
T 4 intcFTHpta 

4 *- r, hay mam 
4^- 7, stiUTi’ardsam 

43- T. iaruhsa ffab^rnafuium 

44- T. tur^dula 
4F' 71 fiarfniina 
4 ^ 7 , CQpsaftirmu 


Holston River, McMillan, Knox Co., Tmn, 
Cam. Xfus* (Orlmann, Sept. i{5, ’13J. 


1 . Cumbtrlandia manadaitta 
3; Pttscaaata pihrtj kjueitrtana 
3. pif^iuhsa 

4 Q- cyhndfica 
5 + Roiuiidona iubtf^afaia 
^ Pkihabajus cyphyuj 
7- Pieurab^ma abiiquttm ru^runt 
EUipth niger 

p. 

10, Siropkilui ird^niulus 

11, Dromui dromaj tapf mitts 

12, NephranaUts iigam^itiim gibta 
13 jV. ptctaroja 


14 Prapiara alaia 
15 “ £liryifip nabuiosa 
E. reefa 

^7. EampElij apaia 
i-B. L. apaia vanfrtaam 
7 , fasaafa 

2 £ir TrMftciiiTq trtqmrira 

21. 7 . ararfarmts 
7. mterrmpta 
7, stf^ardsoHi 

24 - 7* fion^Kiina 
25. 7 , mps^ormii 


0> 



UPPER TENNESSEE drainage, 611 

llolston River, Boyd hiaad, Knoxviae, Knox Co., Tern. 

According to Pilsbry & Rhoads (*' 1 mil« above junctioa with 


French Broad"). 

I. Ftfjfowfljff pihris 
^ QKiidrufn pMstuiosa 

3. Q. c^iiiidma 

4. ittWreuiaia 

5. Plcur&bfmu obli^^uum 

6 . P, rtt&rbJtiE 

7+ A hffhtmtertse 

EUipfio niffrr 

9. M, dihfalus 


10. Cyprogema jUgaria 

11. Z^rqurnj dr&mos 

IS. Nfphronaias Hgam^ntina ^ibbm 
Paro^f^ra fragifis 
14 Eurynia rtcia 
15 + Lampsdts 
l6u Truncilia arcteformu 
17 - prtipinquQ 


(Small Tributaries of Holston Proper.) 

Big Creek, Rogersvtiie, Hawkins Co., Tetm. 

Walker coll. 

1. iMmioona badta 3, Mfdwmdus ptaieoiiu 

2 . Ahmidoitia mmar 

Flat Creeks Corryt&n^ Knojr Co._, Tem. 

Cam* ilus. (Ortioann, May 12, ^14). 

1. Fusconaia bamesiana 3, Eurynm ncbHhsa 

2. La^i^anq badia 4, vaftHxeminns (5«m) 

Nolichucky River DEAiyACE. 

IVhitdwnt Creek, Bulls Gap^ Hatt/kins Cfl., Term. 

Carn. Mus, (Ortmaiin, May 18, '14). 

I* ijT4ni¥^£>jia badia 3, Eury>*^^ parttirem£Hsfs 

2* Euryjtia ncbultfsa 

Bent Creek^ JVhiteshurg^ Hamblen Co., Tenn. 

Cam. Mus. (Ortmann^ Sept. S, "15), 

I. LafRRi^aifa Eurynm vaaujctmensis 

2^ Eurynia uabvhsa (seen) 

PWDC. AMfP. rutLn SAC., VOL. Lvilp oa. yow i. 
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Nolichiicky River^ Chunn‘s Shoals^ 
Cam. ilus. (Ortmaniit Sepl, i 
fluence with French Broad), 

I. PuffQnaia tunfglut afip^t^nit 

3 . AmbUtaa pUc^fa eostai^ 

3 i Quadruta pmtuioia 
4 Rotundaria tuber 
3 . EUiplh ni^er 
6 . iVephritfiaias 
7- 


Hamblcfi Tenn. 
j "*3) (withla a mile from con 

fl. Parapitra fra^Ot 
g, Proptera ahia 
lOr i:nr^^niif recta 
11, Lamp^ilis ovaia ventrieosa 
J 2 . TruneiUa friquetra 

13. 

14. r, capsitformU 


French Broad RiVEa Drainage. 

Fraieh Broad Rk’or, .^^hevUie, Bimeotttbe Co,, JV. Car. 

* = Walker coll, (Mrs. -Andrews); | = reported by Call, 

The French Broad at Asheville is now polluted by lumber indus¬ 
tries on Davidson River; repeated attempts on my part (May 13, 

t4t Sept. 14, 14, May 10, '15) failed to reveal any signs of the 
presence of shells. 


*1^ FUurobema tiidforme {rai'Cn^- 
tianum} (atsfl Lea) 

Eliiptii? dihiaiiu 

*3. .'^ifiuniie/f^n/a (also 

Lea) 


t 4 - ERipsarifi faschiaris 
*tS« MedlonidHS phUatus 
*t)6. nebftioja 

*t7. Lampjiih fasciala 
Tmucilia capj^farmU 


Call also gives: Fujfdiioia pilaris and pitaris tesueuriana^ but 1 liave 
seen no si>ecimcns of these from tbii iocality, and these records appear to 
mt as very doubtful 


FmirA Broad Rivtfr, Hot Springs, MadUon Co., N, Car, 
According to Conrad, from “Warm Springs.” 

I. Toj-ii/ajfwa iTiurdum 


French Broad River, Boyd Creek, Sevier Co,. Tenn 


Cam. Mus. (Ortniann, Sept. 

ir Fufcoiiezin pilaris 1 
^ F. pilaris Ir Jiteuifona t 
3 - F. 1 

4 &flrne4Tffffo f 

5. plUata co^tgia 

6 . pustuhsa 

7. Roiundaria iubercKiata 


10, “^14). 

^ Plefhabasvs caaperianvj 
0- P* eyphymj 

10, P- cyphywis catKperiuj 

11, Lexin^iania dolabcitaides 
13. PUttrabema abtiquum 1 
ij. P. abiiqiiMm ccrdatum J 

14 Pleurobema abliquum rutrum 
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15^ in^forme 

16, F. 07 nfi?rw h<iUtonense 

17 - Eliiprii^ nifffr 

tS. E. dihtatus 

iSfc. Sirophiius ^dmiuluj 


3a BiHpi&ria fasciahns 
31, N€phronmas ffibbe 

22. Proplera ahia 
2j. Eurynia 

24. Truniitla arciscformis 


(Tributaries of French Broao.) . 

Long Creek, near Bridgeport, Cocke Co., Tcnn. 

»=Walker coll.; $ = reported by Lea. 

*!► Losmigetia badta ja. i^oHUiemeKsit 


Big Pigeon River, Cantihi, Hayu-ood Co., N. Car. 

Cam. Alus. (Ortniatm, May 14, '14), 

I. 4hfmido»ta ravenelieHa 2. Lomptitis foieiata 


Little pigeon River, SeviervUle. Setder Co.. Tenn. 


Cam, Mus. (Ortmann, Aug;, 

X. Fusti^tiaia j^arjTfjunto > 

2 . F, ^jirjv^jTiafid bvffbytftEs | 

3. Pkurobffm oFj/flrmf > 

4. P. ftvifitrme J 

^ Eitipli<p dilataiatj 

6, £ 47 jftir^£i»ieT 
7* Al^SffiiditKlu ftitni?#" 


3 L '14)* 

a Etiryma n^buhsn 
la Mr 

II, Lumpstfh iMmta v^ntricoja 

13 . L. fascialti 

TJ, Trundila capjwformij 


Boyd Creek, Boyd Creek, Seiier Co,, Teitn. 

Cam. Mits. (Ortmann, Sept. 5, *14), 

t. Fuseonoia borneiietta j. Latmigew foeteta 

s. .dmblema pUfaia cojtaia & Alasmidenta mini?r 

3. Botmdarui tuberfHlata j, B^rynia venuxemen^ 

4. EHipHo dilafaius 


Pond, draining to French Broad, eight tniles above Knoxville. Knox 
Co.y T£ftn. 

Walker colL (M. D. Sarber). 

1, Ait&d^^nta grondis gigQKifa 
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TfttBUTARtEs or Tennessee, beijow Knoxville. 

{FfiOM THE West.) 

Finl Creek, Knorville, Knox Co., Tettn, 

Walker coU. 

h 

U La^miffQmt hadia 

Second Creek, KnQxviUe^ Kn&x Co., Tentt^ 

According to Lea. 

I. FHff 

Third Creeks Knoxt/iUcj, Knox Co.^ Temi. 

Walker coll, 

I, badiu 

Finey River^ Spring City, Rhea Co., Tenn. 

Cam. Mas. (Ortmannp May i8, "15), 

Ip Lastm^ana badia 2. Eurynia t'awHJ-fffieHJif 

Martin Branch of Sale Creek, Rhea Co., Ten$t, 

Walker coll. (W. A. Marsh). (There is no "Marlin Branch” 
on map: Sale Creek flows from near Dayton, Rhea Co., south into 
Hamilton Co-^ and to the Tennessee,) 

I, FujrccrnKriix borncsianff ) 
bame^Qita W^^yejijijt 

{From the East, Coming from the Mountains.) 

Little Kiver Drainage, 

Little Kiver, WoUand^ Slotint Co,, Tetm. 

Cam, Mus, {Ortmaiin, May tz, ^15). 

1. bartusiana bigbyensif 4. „ein,hsa 

2. PleurobemamiformeargcHicHiH 5. £. uoflMjrtBifjjiij 

j. Medienidus pialcotmx 
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Little River^ Melroeej Btannt Tenn. 
Cam, Mtis, (Ortniann, Sept, "15), 


j, baris^siambiffb^ciisit 

i PS^urClemo ffv'ifQrmt arffen hi 

3. ffiiiror 

4. Ni^hrcnaias pectar&sa 

5. Mtdwnidus phtsolus 


6- Ebr^-'ni^ nebuSQja 
7, B. vanu^^m^nijs 
S. Lampstiii ovata v^nirici^m 
g. L. faschla 


Little River^ Rockford^ Blount Tenn. 

Caro* Mos. (Ortmann, Sept* 4 ^14)- 

I, Eurynia nebuiosa 


Little Rtt/ct^ Knox Co.^ Tenn, (lower part), 

+=Walker coll.; f — Caro* Uus. (Smi^h coll.). 

*1, Cumberlandis *3. Trundlia tri(iu<?tra 

fs. Amble me ptkata cestata 


Pistol Creekj Rockford^ Btoujit C(>.^ Tenu. 

Cam. Mtts. (Ortmann^ Sept. 4 '14), 

1. Fvjcoitaia euniolus appres^a 4. Torolasme lividum 

2 . F. frof'nfJtflHfl 5 , EBrj^Ulil 

j. wi'Jier 


Little Ten ^^EssEE River Drainage. 

/ibratn Creeks Blomt Co., Tens. 

Walker coU. 

I* Fuseouaia bernedana bigbyensis 

Teitlco River^ Monroe Co., 

Walker coll,, also reported by Lea. 

I, Fuscotmio hernestena > 

i F* Jiand bigbyends j 

Little Tennessee River^ Afonroe Co., Tcnn, 

Walker coll.; t = according to Marsh, 

%i. Fusconaia pilaris * 5 . EUiptiQ dHatotstj 

<2. K tarnedana inmescens Lampdlis fascwh 

* 3 , FUurabtma oviform^ ) 

* 4 - F. oviferme AeljfaMfwjf | 
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Little Tennessee River, Coytee, Loudon Co.. Tenn. 
Walker colL (Adams). 

I. pituris 3, Trunaih haynano 

S. U,npnhj ouata 4, T. capjeformil 


Hiwasske Rives Drainage, 


Sfiriug Creek, jliistral. Polk Co.. Tettn. 

Cam. Mus. (Ortmann, May 33. ’35). 

I* rMteanoia b^rnesie.^biffbyen^e 3. Eurynh vanu^emenns 

s. Euryma 


Cane Creck^ AfcMimi T^n. 

Walker colL Cane Creck| Monroe Co. 
McMiiid Co.)* 


” this is near Etowali, 


T. Fujconala 

2^ F. barn€^iina hi^byenjis 


3^ Plturobema 


CoHOsau^a Cr^ck, Matiroe T^nn. 

•—Walker coll.; according to Lewis, 


•l. PkuFiftemit ffvjfarwie 

P, ffmf^rme orff^nttum (alsi> 
1 ^) 


T3- Lssmig^us tadia 
*t4- j^i^smidunta min^rr 
|3. Earynia 


Ocoee River, Ducktowii, Polk Co.. Te»n. 
Walker colK 

li ■/iiattniditnta marginaia 


Hiwassee River, Amtral. Polk Co.. Tenn. 
Cam Mus, (Orlmann, Sept. 19, ’15). 


J. Fitxconaia 

a. /c b^rn^ii^na iumfsan^ 
3 - Ekurobema oidfarntf 
4~ P, otfiforme hatjiomn^t 


3. badk 

6 . Eurykia kabaiis 


lliimssee Rhvr. Kincannon Ferry, Meigs Co., Tern. 
Walker coll, (Adams, Oct. 9, *01). 

I. mget 
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Hkivssee Riv^r^ Meigs Co., Tenn. 
Walker colL (Adams), 

I. Quodruia t^errucesa 2 , 


South Chickomauga Creek^ Ringg&ldj Catoosa Co., Ga. 

* = Walker coIL (Adams, Oct si* 'oi); t=Cam. Alus. (Orl- 


n^ann, May :20* "15). 

•f I, PUurobenur forme argenieum 
Eiliptio dihtoitit 
Laitntgona tadia 
t4. L. iostata 
t5. fnfrtp^ 

EUips^ria faidoiaris 
■f7. Ofroi-wid tevigafa 


t8L Medianidus p!ateoluj 
Eurynia irabolis 
flD. E. 

II, Lampsilis o^faia ventricosa 
(seen) 

tii L. fascwh 


Tennessee Propee, at and below Knoxville. 


Tennessee Ri-L^er^ at and above Knojmlh, Knox Co*, Tetin, 

I =according to Filsbry & Rhoads; t=CaiTi, Alus, {Ortmann, 
Sept, 22f "15 r B, F, = Brabsoti Ferr>% and D* I,=Dickerson Island). 


ti. jf=^uj^ojiatfl pUork 
43. F* bamesiana tutnescens 
tJ- Q^edrttta puaiutosa (B, F,) 
Rotundaria tubereulata 
FlelhQbaJustooperionusi'B.FJ) 

■ftiu PteuroWnia obEgunm (B. F,) 

J7, P. rufrruHt 

p, oviformi holsiOTitnse 
jrtg. Etfiptio niffcr (D. L) 
tia E* dilatistus 

Jli. Lasftttgona costaia 
Xt 2 . EUipsorid stibfento 


tig. ZVatftifj dramas 
ti4- Obovoria Jv^riPlKPida 

Nepkrmiaias Hgamentiha gibtm 

(O, I,} 

ti6, peetoresa 
fi?. Piagioia limolata (B. F,) 
Propiem ahla (B^ F.) 

(ig, Lampsiiis omta 
^20. TrUKciiia irti^ueira 
^2J. T* kitysiana 
t 23 , T* propinqua 


Tennessee Ritter, three miles below Kno.rvill€, Knox Co.^ Ten>i. 
Cam* Mus, (Ortmaitn, Sept, 2t, '15), 


I. FMfceHflw* pilaris ) 
i f\ pilaris iesueftriana J 
3, puslfdasa 

+ Q. melaj^epra 

Rafundaria tubercHloia 
6, PUihabasits caoptrianus 
f. Pknrabema 


8L FlenrobeTua ru^^fuiirf 

5 l EUipfw mget 

10, £, 

11, dromas 

12 , Nepkroaaias li^ameniina sibha 

13, Plagwla Imeolifia 

[4. £iro'»»K* rccla 
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Tmn^ssee Rker, LiuU River Shoals, Knojr Tcfiw. 


*=Walker coll.; t=according to Lewis, 


^1. Fiucottaia barnestatta iumescens 
Phur&bema obtiquum 
F. amforme 

*4. F- inHforme hois^attense 
'5. ElUptio diiattitv^ 


*6. Lasmig&na ceslaia 

N^epkrQnaias UgaiKentina ^ibba 
*S, Euryma fab^Hs 
to. Truncilh ttwisi 


Tennessee Rh/er^ Concord, Kvox Co,, Temi. 

t=:accordii^ to Lewis; t=Cam. Mus. (Ortmaun, Sept. 9, '!4). 

t4‘ Eliipiw mff^r 

Sirophitus edeniultis 
76 , Nephrcnaias Hff^rncistina 
t7. HKO'wifl rrfcfa 


+f. ptijiKhsa 

fi Eotmtdaria 

b- PUurohetna oviforrtie hoUio-^ 
nfese 


Tentiessee River, Chofa Shoals, Knox Co., Tenn. 

Walker colU 

3. FUMrobtma crvifi^rme AcZrlc- 
WfltJf 


i. Puiconaia cunioius appressa 
2+ F. 


Tennessee Risfer {or “ Holston River Knox Co,, Tenn, 

{Suniitiar>' of all species reported from the region between Brab- 
son Feriy and Chota Shoals, mostly without exact locality.) 

t = according to Lewis; § = reported by Pilsbry’ & Rhoads; 
Walter colL; t--Carn. Sins. (Hartman coll. (H.), and Smith 
«jI]. <S.)) ; those reported above are marked: B.^Brabson Ferry; 
D.=ssDickerson Island; K = Knoxville; L.=Little River Shoals; 
Co.^Concord; Qi.=Qiota Shoals. 


m^K^donia 

t§t2. PvjcoHaia pilaris —1C 
ttj. R piianj Usu^unana—K^ 
t4^ F, rujif( ?) 

*5. F. ciiriraftfj appri‘ssa---Ch. 

F. 

4 * 7 . F, — Ch. 

b*S. F. !)dritirjijHdfumfjffj 3 j--[C L 
te. pticaia castala 

ttfo. Quadruia pMstuhsa—B. K, Co. 
ttti. Q, Hiflanrvra — K. 


tt 2 . Q. initrmfdla 
0 . ^imdrica 

t§f 14. Roiuitdaria iitbrrcKhta—Y^ Co. 
tStl S- Pf^^habaiusiaQp^rtanus^B. K_ 
ti6. P\ cyphyus 

4*17. F, eyphyus comprrlm (also 
Fritrson) 

tiS, Le‘:rmfffanm dalsbctloides 
*ti 9 . Plf^urobema ohliquiim^EjCM. 
tsQ. F. aliquum cardaium 
tStzi. F, cbliQUUm ni 5 runi—K. 
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’ JS* 23 ^ P- ^form^ hotstonense^K* 
L,Co.Ch. 

tlt24. EUipiw ttig^r—D. K, Co. 
tS*t25-£- iiVatoluJ—K. L. 

$26. LasUno hia 
4:3*27. Lasmiffona co^aia —IC L. 
t^Sl Alasmidonfa m^irffirraia 
44 ^. SirophUus fctfnfyJifj—Co^ 
130, Etlipiaria fajcioluris 
t53l. E. ^bttntii^K. 
t3j2. Obiiquaria rtflrxo 
tt3J- sUfforia (H,) 

tSt34- Drqmtis dromas —K- 
t35- Dromut drcmus caperatuj 
•^3^ OiffPorto (S.)—K. 

4337. O. fK&ro^uniio—K. 

Il*f33^ Mrphr^nams (i^^amcHtma 
ffibba —D. IC L. Co. 
tl3iQ. N. pe£ii>rffm —K. 

440, tfiyi^do/crnd/d^ fruii^ofo 
ft4l, Plaffioia Jin^^jAjfa—B. K. 
J43, Purapicra Upiodcn 


P. fragilts 

4lt44> Fr4^p^^ra alaia—Bt. K. 
t 45 . Toxola^ma Ikfidum 
tifi, Letniojr 

t 47 . M^diottiduj phl^iftus 
4*4fi. Euryfiio f&baiis —L. 

449 . E. Hfbuloja 

450, £u vanuximcnjis 
ttsi- B- ftiia—K. Co. 

4352. Ldittpsilit otwfo—K. 

453 , JL, fasciola 
*3-1- £» or^bicuhia 
4§aS. TruncUia triquHra —K. 

456. r. urccf/tfrwitJ 

457 . T. iaiifrr^pla 
•|R T. Uftiffr 

tSSS^- huytiaiia —1C 
4 t 6 o. T. st^rsrdsom (H,) (So 
t6i. T. /rrwji—L* 

43f^ T, propmqm^ {SO—K, 

4t^ r. toruhsa (H,)—K. 
446+ T. ^apjsrformls (HO 


AhodonfQtdfJ ftrsuMciantts, reported by Lewis (as /fir«i((opi(d o^/iVd), has 
probably been misiderttified. Also Fu^can^ia 15 doubtfully given by 

Lewis; however^ it may ooca^lonally tym np In this region. 


Tennessee River^ Hiwassce Island, Dayton^ Rhea Co., Tenn. 
Wiilker colL (Adams, OcL 13, '01), 

[. AmbhmiS plicsiii rajfola 4. EtUptlo dilafalvs 

2. Pkurabetfia obliqMHm 5, Eliipsaria fasdo!<xris 

3, EilipHo niffer 


Tennessee Riverj Rothburnj. Hamilion Co*j Tenn. 


Waiker coll. (Adams). 

1. pusiithsa 

3, Roiundaria iubereuhta 
2^ Les^n^ionfif dalabeUetde^ 

. 4. Pifurabema obUquum terdotum 

5. P. 0bl[Qvum rubrvnt 

6. P, 0fAferme h^lilonnse 


7. Elilptio ntoer 
SL E. diiatatui 
9. Ob/i^Hor^ rcficja 
I CL Cyprogenia rtegaria 
iL Dremus dromas 
iz. Piagiola linealata 
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Tennessee Siver^ Chaltatigggaj Iia7iiUtt»t Co^, Ten». 

J — according to Piisbry & Rhoads; *=, Walker coll. (.Adams, 
Oct. 22, ’ot; t= Cam. Mus. (Juny coll.). 


Ji, Quadriih /ntstufoja 

Q, m^ioncT/rn 

tjr Phthatasus Cit^perianuj 
44 . Pii^urobetna ^bUquum 
oviferme 
t6, EUiptio itigtr 


t7. Mmptia ddstatus 
1 ^. ElUpjaria faj^iahris 
t*a- Dramus dromtis 
tio. N^phrattatas Sigorntnima gtbhs 
tll. Tritncilia iarufoja 


BRIEF NOTES. 


Ev EEN7AM1N SMITH LYMAN. 

March iptS.) 

Soul. 

In the infancy of the humati race, g^roviTi men, of course, had 
the ideas of iittie children. A& the eye and the sensoiy nerves 
perceive the bodily actions and e^cperiences, nearly the same as if 
those of another body, so the invisible actions and experiences of 
the brain are observed by the pineal gland or some other parts of the 
brain, seemingly by a separate organ* or almost with the appearance 
of the observer's being a distinct individual. The childdike early 
men evidently so reckoned it, and, uhile making the observation by 
their own brain^ without conscioiis effortt considered the observer 
to be separate from their body. This retired, refined observer of the 
actions of their body and, to some e.Ktcnt, of their brain, they tailed 
their souh and imputed to it a separate existence, and, in some tribes, 
a life beyond the life of the body, as suggested by apparitions and 
dreams. As the idea was fundamentally child-like, it was readily ab¬ 
sorbed by children, and with increasing years was tenaciously re¬ 
tained. It did not seem inconsistedt with the action of the invisible 
wind and perhaps other actions of an invisible source. The ancient 
Latin word for soul is even plainly derived from the ivord for 
b^eath^, showing that the soul was^ in action^ or originally, like air, 
or the wind. In the course of time, the tenaciously held idea of the 
soul has become more refined; and, while the sotd is still evidently 
taken to be a material substance:, it is quite etherially, tenuously re¬ 
fined, and is often spoken of as altogether immaterial. Neverthe¬ 
less, it always has, when sifted, undeniably several of the character¬ 
istics of concrete matter. 

As late as medieval times, each human body was conceived to 
have not only one* bnt at least three, souls. /Vs the Right Reverend 
Avitus, in the sixth century, elucidated: 

G27 
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Of Man, fifsh, fpook, mind, spirit, in all twice twain, 

T& place; four these double pairs attain: 

To earth the flesh; the apeok near by will fly; 

The TOind to Keilierworld, the spirit soars high." 

Or in the original; 

"Bis duo sunt Homini, utines, caro, spiritus, umbra; 

Quaiiior ista loci bis duo suscijihint: 

Terra tegit carnem, tumyluin dreumvobt umbra, 

Orcu5 habet nigTies, spir]Lti$ alta petiL” 

According to Hindoo belief, each body has seven souls. Of course, 
one of the souU would be suggested by the lifelike apparition of dc 
ceased relathes or friends, seen either while the observer was awake 
or in dreams. The absurdity of the inference from the occurrence 
IS cvi ent rom the fact that the apparitions reproduce even the in- 
f othing, as well as the admittedly mortal material body. 
The Idea of a soul has lent itself very readily to the promotion 
morals, so dear and so natural to the human race. The soul in 
1 s life after the death of the body has been supposed to be in happy 
or unhappy condition, according to behavior during the life of the 
body; or according to the behavior of descendants left alive; sup- 
p jing an incentive to good behavior during one’s own life, or after 
the death of loved relatives. The systems of morals built upon the 
^ highly refined, with marvellously ingenious and 

care u y consistent complications; and are considered to be a strone 
argument in favor of that idea. But, as all false errors are per¬ 
nicious, and entail further harmful errors; so, we may be sure, the 
eradication of this falsity would be a benefit to moralitv. The 
Strongest incentives to morality and the surest guides to it are to be 
found m the relations of the natural body, without regard to any 
minginary soul ; and morality based upon the existence of souls is 
imcenain and groping, notwithstanding its good intention. 

Tilt: WoiiD OF God, 

■^e Chnstian, Buddhist and other peoples so deeply revere their 
sacred scriptures, that they downright consider them to be literally 
the word of God. an omniscient God. But that idea is hardly borne 
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out by the internal evidence. An omdiseient god would speak with 
yet p'catcr wisdom than the man. A wi^c lawyer exerts 

his utmost still to express his meaning clearly and simply, beyond 
the possibility of misunderstandings or of tAvisting, avoiding hyper¬ 
bole, or any kind of exaggeration^ or possible obscurity. We do 
not find such language in the gospels; and, indeed, lE would be alto¬ 
gether foreign to their Asiatic authorship. We find there quite 
seriously the moRstrous hyperboles of swallowing a camel, of hav¬ 
ing a wooden beam in the eye, of a camcTs going through the eye 
of a needle, of heapbg coals of fire on the head; all Avell enough as 
jokes, like the description of the Green Mountain road so steep that 
"greased lightning could noE go down it without the breeching on.” 
But the free use in earnest of such expressions suggests a like ab¬ 
sence of literal meaning for other words, such as the removal of a 
mountain by sufficient faith, llie trouble comes when it is to be 
decided where sud? free interpretation shall be applied. Is it 
meant to be taken literally that we should swear not at all; that, 
when wc are struck on one cheek, we should turn the other cheek; 
that w^e should out and out love our enemies; that wc should exactly 
do to others whaE we wish them to do to us ? The general secular 
decision in Christendom on such points has been that the injunctions 
were not to be taken altogether bterally. Yet ittany simple, honest, 
straightforward individuals have been inclined to insist that the 
expressions should be taken literally; for the word of God could 
have been uttered only in a strictly literal sense, not to be in any 
way perverted or twisted. 

Classical Education, 

Much has justly been said of the beneficial effect of the cultiva¬ 
tion of literary taste and of the enrichment of the mind from ac¬ 
quaintance with classical books, masterpieces that have ontbsted 
many centuries; and something has been said of the advantage of 
classical linguistic knoAvledgc. But too little seems to have been 
said of the logical downright need of studying the classics as a help 
towards a thorough understanding of onr own language, and to¬ 
wards easy and correct reasoning. 


mo 
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most di^tiiigiibhes a man from a brute? It is, pf course, 
the reasoning power. And what gives the power to reason ? Dtarlyp 
h is language, the means by which reasoning is done. The cultiva¬ 
tion of the power of language, how- to nse it readily and accurately, 
is, then, of the higliest importance. With our English languagCp 
derived in so large a part from the classical languagesp it seems 
quite plain that a full understanding of it would be greatly aided 
by a good knowledge of them. Tliereby, the true significance of 
words would be learned, their precise shades of meaning, their 
original meaning, and the meaning that has been historically ac¬ 
quired. Evidently, the most perfect knowledge of the meaning of 
words would be gained by a study of their use in their original 
classical languages. ’With a thorough knowledge of the nieaning 
of words, they could readily be used correctly in reasoning. The 
danger of fallacies would in great measure be avoided. Some such 
knowdedge could be learned from English etymological grouping, or 
dictionaries i but obviously much more satisfactorily by studying 
the classics and their languages. 


Of. 

At the age of nine years, my budding philological inclination 
was bluntly rebuffed and checked by a reminder of my complete 
ignorance of the meaning and etymology of even so small a w-ord 
as of* It has become clear that the word is closely allied to off, 
and that it signifies that one thing may be considered concretely 
or abstractly to be off from, or a part of, another thing. But a 
knowledge of the preebe meaning of the w^ord docs not seem to be 
universal, and the word seems consequently to be inaccurately used. 
One source of error is the impression that the w'Ord is the precise 
giuivalent of the French de; so that a supposedly literal translation 
would sometimes introduce a Gallicism into our English, But the 
hrench dc is derived from the Latin de^ and means concerning, 
quite a different meaning from our word of. The mcaniRg of de 
is much more correctly indicated by our adjectival relation of two 
substantives. The French de daiijc becomes dancing school; 
i^calc dcs mines becomes mining school, or mine school, a school in 
regard to mines, not of mines, concretely or abstractly off from 
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mines. The instinct in the matter is much stronger and more cor* 
rect in England than in America. The English quite naturally say 
correctly* Public Works Departiuentp while in America ^ we some¬ 
times, as a result of dangerous little knowledge, meet with Depart¬ 
ment of Public Works, that is, intended as a literal translation from 
the French^ which would be literally department concerning public 
works. The adjectival relation gives practically the same meaning, 
showing that the department is the one concerned with, public 
works* not of them (which would be one of tliem, not including 
them all). The difFcrence is: a department that has to with aU 
the public works; and a department among (or off from) public 
works. 


SOLDIERS' AND SAILORS’ INSURANCE. 

Ev SAMUEL McCUKE LINDSAY, Pm.D. LLD. 

April JO, 

Among M the marvelous applications of $cience to warfare 
ivhich the great European war has produced,—the gas shell, the 
75-certtimeter gutip the submarine, the Liberty motor, etc,—there 
is nothing more significant than the attempt to apply the principles 
of msttuality and insurant^ to lighten the burdens of war for otir 
fighting men and their families and dependents. As soon as 
America entered tlie European war and undertook to do its part, we 
realized that for the protection of those W'ho must go to the front 
the existing pension legislation and the old six months gratuity act 
were as much out of date as the flint-lock nnisket. Within the first 
six months after the United Stales declared war on Germany, Con- 
ress worked out and enacted the War Risk Insurance actj which in 
another six months, or at the end of the first year of our participa¬ 
tion in the vvar^ has made the United States Government the greatest 
hie and causalty insurance company in the world. At the close of 
business yesterday (April 19, 1918) in the matter of insurance 
liability alone, the War Risk Bureau had accepted 1,785,17^ applica¬ 
tions for insiirance on the lives of soidiers and sailors, in amounts of 
not less than $1,000 nor more than $[OpOOO upon any one such 
life, aggregating $14,543,471,500." This is more outstanding life 
msuranee for the United States Government than the combined out' 
standing life insurance carried by ihe twenty largest companies in 
America, and it is nearly two and one half times die total amount 
of life insurance writlen during the previous year by all of the 
companies in the United States. Probably at least 95 per cent, of 
all the fighting men of the army and navy who arc eligible to take 
lhi.=i insurance have been covered and the average amount per man 
on April 19 was $8,146. The average day’s business of this in- 
1 For corresponding figures revsied to Aug. an, ice below, p. 647. 

m2 
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aurance bureau is $100^000.000, or more thao the total outstanding 
business of many a good insurance company after many years of 
successful business experience. 

The benefits conferred by insurauce are oaly part of those pro¬ 
vided by this law and intended to safeguard the welfare and morale 
of our army and navy. The War Risk Insurance Law of October 
6, 1917, is in reality three great measures in one. It provides for 
three new, effective and far-reaching services of the federal govem- 
^ent. nan]el\ . (tj .^llotments of pay and famitv allow'anees^ 
(2) compensation and indemnity for death or disability; (3) in¬ 
surance for death or total disability. All three services, each of 
which represents a huge undertaking on the part of the government, 
are so combined and intertivined as to provide a scientilie, compre¬ 
hensive, adequate and just measure of community support and con¬ 
cern for the economic security and future welfare of those families, 
which provide the men privileged to do the fighting in this war. 
Taken together these provisions for what has generally become 
known as war risk insurance will render any general system of 
pensions antequated, unfair and wholly unnecessary. 

In September. 1914. only a little over a month after the begin¬ 
ning of the European w'ar, Congress established by act of September 
2. 1914, a Bureau of War Risk Insurance in the Treasury Depart¬ 
ment, clothed with authority and charged w'lth the responsibility of 
insuring .American ships and their cargoes, at rates which private 
carriers could not afford, in order that the commerce of a neutral 
nation might be maintained on the high seas. On June 12, 1917, 
Congress extended the authority of this bureau and authori:;ed it to 
provide for the issuance of insurance against war risks on masters, 
officers and crews of merchant vessels. On these foundations. Con¬ 
gress by the act of October 6. 1917. created in this Bureau of War 
Risk Insurance a division of Militarj' and Naval Insurance. A 
division of Marine and Seamans’ Insurance was also established to 
attend to the previous business of the Bureau. The new division 
begat! the administration of the new scheme for allotments and 
allowances, compensation and insurance for soldiers and sailors. 
Over 3.000 employees* arc required to handle the work of this new 

*On July I, there were S.ooo eraplojees «4i,ired in take «re of 
this work tn the Bureau of War Riik Insurance. 

PSOCr AMSIL PHIL. SOC., VOL. LVlIt PP, NO\% I, 
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division alone and the volume of its business has not yet reached 
its maximum proportions. 

Feraut me now briefly to describe the three subdivisions of this 
beneficient law and to summarize its workings^ problecps and resnlEs 
during the first six months of its histor>^ 

I. Allotments of Pay (Compltlsohy ano Voluntary) and 
Family Allow.4nces. 

Congress had prepared the way and laid the right foundation for 
allotments and allow^ances by raising tlie pay of enlisted men in 
the .'\rniy aud Navy^ making the minimum pay for nearly all in 
the service ^30 a months or double what it >vas before in most cases, 
and higher than that of any other army in the world. This was a 
just measure to protect the highest standards of living in any country 
when so many of our citizens were called upon to forsake their usual 
peaceful occupations. But this ^vas not enough to equalize the 
sacrifices which aU citizens must make in time of war. No rate of 
pay for the army and rnivy could be made high enough to do that- 
So Congress proceeded to supplement the regular pay upon the 
theor>' that since the call to arms does not annul the moral and lega. 
obligations of every man to support his family and those who have 
a blood-lie claim upon his earnings^ it is the plain duty of the whole 
country which he serves to aid him financially to do this without 
undue lowering of his standard of living, and without requiring a 
disproportionate sacrifice on the part of his dependents. 

This is sound doctrine^ how^ever^ only when the enlisted man first 
does his part and contributes from his own resources all he can 
reasonably spare. Therefore we begin wdth the allotment which 
must precede a request for an allowance. xAllotments and family 
allowances arc not provided for commissioned officers or for mem¬ 
bers of the Nurse Corps (female). The allotment is compulsory 
for every enlisted man wffio has a wife, or child under eighteen years 
of age Or of any age if the child is insane or permanently helpless, or 
a divorced wife to whom alimony has been decreed by a court, and 
who has not remarried. These persons constitute what is known as 
** Class A dependents. A common-law' wife is entitled to the same 
consideration as a legal wife and the claims of a legal wife and of 
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all diilciren take precedence of those of a divorced wife. Even 
enlisted man is required to file with the War Risk Bureau a state- 
ment, for which an allotment and allowance blank is furnished, show¬ 
ing whether or not he has any dependents, and if so how many, and 
what arc their blood or marriage relationships to him. 

Nearly a million and a half such statements are now on file in the 
War Risk Bureau and about 830,txx> of them claim that they have 
no dependents for whom allotment of pay is compulsory or for 
whom they wish to make a voluntary allotment. Some of these no 
doubt will be found to have a wife or child for whom they seek to 
evade responsibilit}', and such w-ife or child or some one on their 
behalf should make application direct tp the bureau if they do not 
receive the allotment and the man will be brought to account. If an 
allotment is made for any beneficiary and through inadvertence or 
otherwise no request has been made for a family allowance, the 
w ife, child or beneficiary, or some one on their behalf, should apply 
to this bureau for the family allowance. Some will later want to 
make voluntary allotments for Gass B dependents when perhaps 
they find it more convenient to do so. Class B dependents for w hom 
the allotment is voluntary include parents, brothers, sisters and 
grandchildren. Parents include grandparents and step-parents 
either of the person in the service or of the spouse.* Brothers and 
sisters include those of the half blood and step-brothers and step¬ 
sisters and brothers and sisters through adoption. Even if Class B 
dependents are in ivant, an enlisted man is not compelled to make 
an allotment for their support, but he must do so before the govern¬ 
ment wilt pay any family alloivance to them. 

The allowance in alt cases both for Gass A and Gass B de¬ 
pendents is granted only when applied for. after the necessary 
amount of allotment of pay has been made. 

The allotment must in practically every case where an allowance 
is asked for be at least S15 per month, and must equal the amount 

• An Act of June 25, HTnended the definition of the terni “parent'’ 

SQ as to make it include a father, mother, erandfatJitr. grandmother, father 
through adoption, mother through adoption, step-father, step-naihcr. either 
of the person in the service or of ihc spouse. 
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of the allowance which the government is asked to give^ provided 
such amount is not more than half the monthly pay/ 

Where a man has Class A dependents but no Class B dependents;, 
he must allot at least $15 per month and as much more up to half 
Ins pay to ecjual the allowance requested according to the following 
schedule: for a wife but no child, $15; a wife and one child, $25j 
0 wife and two^chiJdrcn, $32.50, with $5 per month additional for 
each additional child up to a total of $50, which is the maximum 
government allowance to the dependents (Classes A and B) of any 
one man under all circumstances j no wife but one child, $5; two 
children, $^^,50; three children^ ^130; four children $30, and $5 for 
each additional child. These allowances to Class A dependents are 
made without reference to dependency or need except that they may 
be waived by a wife who gives evidence of sufficient means for her 
own support, but may not be waived by a child, and a man may be 
exempted in certain exceptional circumstances from making a com¬ 
pulsory' allotment. 

When a man in the service has Class A dependents for whom he 
is making an allotment and in addition has Class B dependents for 
whom he wants an allowance he must make an additional allotment 
equal to one seventh of his pay. Under exceptional circumstances^ 
this additional allotment may be waived by the bureau^ Gass B 
dependents receive allowances as follows: one parent^ $10; two, $20; 
each grandchild, brother or sister, or additional parent, $5, provided 
the total family allowance for Qasses A and B dependents for one 
man does not exceed $50 per month. 

As there are no compulsory allotments for a woman in the 
service, her dependents are atvrays Gass E dependents* For Gass 
B dependents where there are no Q^ss A dependents men and women 
alike in the service must allot, if they want allowances for their 
Class B dependents, an amount not less than $15 per month, and 

' By ati amettetnent (Act ai June -5, the allotment requirement 

tias been greatly simplified, and li now a Hat comtiulsoiy' allotment of $iS 
E>er month, regardless of the amount of pay nr the amount of the allowance 
requested, for itvery man with Gass A dependents and an additional atlot- 
nient of month for Class E dependents (or ?i5 if he has no Class A 

dependEnts} if he requests an allowance for Class B dependents. This fixed 
flat allotment for either Oast A or Class E avoicU the necessity ^or the fre¬ 
quent chai]ges due to changes in pay« 
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equal to the allowance which the govemnient will give, provided 
such amount is not more than half the monthly pay.® Women re* 
ccive for children, who would be Qass A dependents for men, 
allowances as follows; one child, tvi'O childrm, $12,50; three 
children, $20; four children, $30, with $5 per month for each addi¬ 
tional child. 

Gass B allowances are subject to two conditions; (r) The person 
receiving the allowance must need it and be dependent in whole 
or in part for support upon the person making the allotment. They 
need not be wholly dependent They may have earnings of their 
own or also other sources of support (a) The total of the allot¬ 
ment and the allowance paid to the dependents must not exceed the 
amount of the habitual contribution from the man to the dependents 
in all cases where dependency existed prior to enlistment or prior 
to October 6, 1917. Otherwise^ the government allowance will be 
proportionately reduced. 

The total of the allotment and family allowance for a divorced 
wife may not exceed the amount of the alimony decreed. 

The War Risk Bureau, in its regulations made under the author¬ 
ity of the Secretary of the Treasury, has sought to interpret and 
apply the law* in the broadest and most sympathetic way* For 
example, the regulation which dehnes dependency says: 

For the purposei of llic W'ar Risk Insurance Act, a person Ls dependent, 
in whole or in part, upon another, when he is compeJIcd to rely, ant) the 
relations between the parties ^nc such that he has a right to rely in whole 
or in piirt tlie otiicr for his supj^Drt^ 

AlsOp if a Class B dcpendentp for whom a family alLdwance is 
claimed, becomes dependent in whole or in part on the enlisted man, 
subsequent to both enlistment and October 6, 1917, the limitation 
as to habitu^ contributions is reg:arded as not applfedible, and the 
family allowance is paid without regard to it. 

Family allowances are payable for one month after a ntan is 
discharged from the service, but are not provided for more than one 
year after the termination of the war, 

ft This has been atnended by the Act of June 55 , 1318, providing for a 
flat additional allotmeirt of ^ in all case? where there is an alfolment of 
for Class Ap arid a flat allot men t of $15 where there no allotTuent for 
Gass A. 
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The conditions of dependency and habiLiial contribution make 
invcsrigiation to prevent fraud, and adjustment to the clianging con¬ 
ditions affecting dependents, such a^ births and deaths in the family^ 
children reaching the age of eighteen^ or contracting marriage before 
that age, and economic conditions affecting the family of 

the greatest eomplexjtj'^ and difficulty' in maintaining the necessary 
records in the War Risk Bureau in order that awards may be made 
promptly and allowances paid accurately each month as they be¬ 
come due. Severe penalties are provided for intentional fraud. 
Anyone knowingly making a false statement of a material fact in 
connection w ith claims under the act is guilty of perjury and will 
be punished by a fine up to t>r by imprisonment up to two 

yearSp or both. A beneficia^y^ tvhose right tc^ payments under the 
act ceases, and who fraudulently accepts such payments thereaftcri 
will lie punislicd by a fine up to $2,000^ or by imprisonment up to 
one year, or both. 

Only great loyalty and patriotism on the part of several thou¬ 
sand employes of all grades has made ft possible to establish a new* 
organization, housed in several different buildings, w'orking under 
the greatest physical limitations under present circumstances in 
Washington, and to get this work reasonably well started, 

ithin the first four months after family allowances became 
payable, over a million checks have been sent out, aggregating more 
than $18^000,000 for allotments and $i!,000j0cx> for allowances. 
Over a million index cards have been prepared and properly filed, 
and Only 15,000 applications were held in suspense at the end of 
this period for further correspondence and investigation before 
awards were made. 

Delays have been inevitable. The govemmqjit has had to rely 
Upon Outside agencies to tide over cases of need until its relief could 
be made effective. The patience of many beneficiaTies whose claims 
couJd not be adjusted as promptly as the government desired, has 
dciubtle-ss been taxed. The difficulties of making records or getting 
information concerning men scattered all over the world, in military 
camps, in the expeditionary' forces, and on ships at sea, can not be 
fully appreciated by every family whose interests naturally seem to 
them to be of, paramount importance. The work is rapidly being 
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brougltt under efficient business control, and most of the difftcultieSj 
delays and mistakes of the first four months are not likely lo coh- 
tinue long. 

IL Compensation for Death or Dieadilitv. 

The application of the principles of mutuality and insurance to 
the risk of death or disability' re^uUing from personal injury suffered 
or disease contracted in the line of duty^ and not due to wtlful mis¬ 
conduct on the part of the injured person^ is not new. Tt has been 
successfully tried out on a large scale through the admirable work¬ 
ings of the national and state workmen's compenaation laws now 
operative for the cirilian employees of the federal government and 
for the induslrial workers of 36 states of the American Union. 
These laws have largely displaced or superseded the old employers 
liability' remedies for industrial accidents. They have proven them¬ 
selves to be Increasingly satisfactory' to employers and employees 
alike. Tlsey operate also to place on each industry^ the cost of the 
fiuanciai burden of its unavoidable industrial accidents as far as 
that burden can be translated into dollars and cents. They also 
operate to distribute among the consumers of the goods produced, 
the cost of industrial accidents incurred in their production to the 
extent of providing for the payment of a $um proportionate to the 
loss of earning power and a fair recompense for the suffering that 
an indiislrtal accident causes the individual workman and his family* 
They also operate to encourage industry to adopt and develop every 
possible safety' device for the elimination of preventable accidents, 
'fhe analogy of this industrial experience with compensation reme¬ 
dies to the problem of caring for the bayards of war is plain. In the 
case of our military' and naval forces the industry is an "extra 
hazardous " one, the payment of compensation must be liberal, the 
cost will be heavy, the government of the United States is the em¬ 
ployer and the nation—the whole people—are the consumers or 
those for w'hom the operations of war arc carried on. The govern¬ 
ment therefore should bear the whole cost of compensation for 
death or disability for officers as well as for enlisted men, and for 
fnembers of the Nurse Corps (female)* and distribute the burden 
through taxation. It does not require any contribution from the 
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l>finefic]aries as it does in the case of allotments of pay upon which 
family allowances are based or in the case of premiums covering 
the peace rates for insurance* The soldier or sailor does his part 
when he risks his life and bears the uravoidable personal suffering 
from injury or disease incurred in the service of his counti^* Com¬ 
pensation is a payment in addition to regular pay, family allowances 
and insurance benefits, and serves to equali;;e the burdens and risks 
of military service which are inevitably unequally distributed be- 
t^^cen those called upon to serve in front line trenches as compared 
with those serving in no less necessary operations behind the lines. 

This second great service of the War Risk Insurance !aw+ which 
makes provision for compensation for death and disability, is neces¬ 
sarily a complicated and technical one and I cannot attempt here to 
describe it fully, but only in its general outlines. It is more liberal 
and far more jnst than any pension law' that has ever been passed 
or now exists, and it should make any supplementary pension legisla¬ 
tion for those engaged in this war wholly unnecessary . While it 
will cost the government huge sums of money, depending upon the 
number of men engaged in this war, the length of the war and the 
$everity of our casualties, it will doubtless cost less^ be far more 
just and equitable in its benefits, and give more aid and comfort 
where it is needed than any general pension scheme could possibly 
provide. 

Compensation for death or disability is provided for all members 
of the United States ^Military and Naval Forces, including not only 
enlisted men but also commissjoned officers and members of the 
Army and Navy Nurse Corps { female)* The Only person entitled 
to receive compensation for disability is the man himself* In the 
case of his dcathp the widow, child and dependent mother receive 
the benefits provided. Compensation is not paid aulomaiicallyt but 
must be applied for on blank forms furnished by the Bureau of War 
Risk Insurance. It varies in amounts from $30 to $100 a month 
paid to the disabled man, and from $20 to S75 a month paid to his 
widow, child or widowed mother. Unlike individual compensation 
the amounE docs not vaiy in proportion to the wage or previous 
income of the disabled person or of the deceased. It is based on a 
new principle, namely, that of the family need, on the theory' that 
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under the conscription law the family is conscripted when the bread 
winner is taken away. Therefore, the amount paid, if the man is 
disabled in the line of duty, varies according to the size of his 
family and changes from month tt> month or year to year as the 
family status changes, If a man is a bachelor and is totally dis¬ 
abled, he gets S30 a month; if he has a wife but no child living, 
$+5 a mondi: a wife and one child. $55; a wife and two children 
$65; a wife and three or more children $75; no wife but one child 
living ?40, with $10 for each additional child up to two; a widowed 
mother dependent upon him for support in addition to the above 
amounts, StO. He is also entitled in addition to free medical, 
surgical and hospital service and supplies, including artificial limbs, 
etc,, as the director of the War Risk Bureau may determine to be 
useful and reasonably necessary, and for certain claims of disability 
such as the loss of both feet, or hands, or both eyes, he gets, in lieu 
of all other compensation, the fiat sum of $100 a montli. 

Partial disability is pro-rated at a percentage of the compensa¬ 
tion for total disability equal to the degree of the reduction in earn¬ 
ing capacity-, resulting from the disability. 

In case of death resulting from injury- in the line of duty, the 
monthly compensation paid is as follows: For the widow alone, Sasi 
for the widow and one child $35; for the widow- and two children 
$47.50 with $s for each additional child up to tw-o; if there be no 
widow then for one child $20; for two children $30; for three chil¬ 
dren $40 with $5 for each additional child up to two; for a widowed 
mother S20, except that the amount paid to a widow-ed mother when 
added to the total amount payable to the wife and children does 
not exceed $75- 

Compensation is payable for the death of but one child. No com¬ 
pensation is paid to a w-idowed mother on account of a child if she is 
already in receipt of compensation on account of the death of her 
husband. 

Compensation is further limited by the following considerations: 
None is paid if the injury or disease was caused by the man’s own 
w-illful misconduct. None is paid for death or disability occHiring 
later than one year after the man leaves the service, unless a medical 
examination at the time of his resignation or discharge or within 


642 LLNDSAV-^SOLDIERS' AND SAILORS' INSURANCE, 

one year thereafter proves that the man was then suffering from itn 
injury or disease likely to cause death or disability later. None is 
paid for death inflicted as pufiishiuent for crime or military oflfence 
unless inflicted by the enemy. None is paid unless the claim la filed 
within five years after the death was recorded in the department 
in which the man was serving M the time of his death, or in case 
of death after discharge or resignation from service* within five 
}cars after death. None is paid for disability unless the claim is 
filed within five years after discharge or resignation, from the service 
or w^ithin five years after the beginning of disability' occurring after 
leaving the service. None is paid for any period more than two 
years prior to the date of claim. None is paid during the period in 
which the man is reported as missing, if during that time his pay and 
I'amily allowance go on; a man is not considered dead until reported 
so by the department under which he is serving. None is paid to 
tfiose receiving service or reLlrement pay. Dishonorable discharge 
term mates the right to the compensation. Compensation is not 
assignable and is exempt from attachment, execution and from all 
taxation, and the law providing for gratuity of payments for death 
m the service and ail existing pension law^s do not apply to persons 
in the service at the time of the passage of this act* or to those 
entering into the service after, or to their wddowSj children or de¬ 
pendents, except insofar as rights tinder such law^s shall have here¬ 
tofore accrued. In addition to the benefits mentioned there is 
provision for the pay-ment by the United States of burial expenses 
not to exceed $ioo. The compensation to a widow or w'idowed 
mother ceases upon her remarriagep and to a child W'hen it reaches 
the age of eighteen years or marries, uuless the child be incapable 
because of insanity* idiocy* or being otherwise permanently helpless, 
in which case it continues during such incapacity. 

In the interpretation of the compensation provisions the Bureau 
of War Risk Insurance has endeavored fo be as liberal as the spirit 
of the law permits. An illustratiou of this is found in the dcflnitioTi 
by regulation of '‘total disability ” which is broadly defined as "an 
impairment of the mind or body which renders it impossible for the 
disabled person to follow a gainful occupation" and again in the 
regulation which says that total disability is deemed to be perma- 
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neiit whenever it is founded upon conditions which render it reason¬ 
ably certain that h will continue throughout the life of the person 
suffering from it.” 

In addition to providing compensation for disability and death, 
the govemnient promises in this act to do evcrjlhing in its power 
to restore a man who has been injured, by accident or disease in¬ 
curred in the line of duty, to the fullest possible physical and eco- 
nomk power. Tlie people of the United States do not want this 
war to produce a large crop of “comer loafers/’ that is men who 
will come back, injured more or less seriously by their war experi¬ 
ence and without ambition, to rely upon what the government will 
do for them and consider that it owes them a living. They will tie 
far happier if they can be restored in part, if not in whole^ to their 
previous earning ability and have found for them some new^ occupa¬ 
tion which they can successfully pursue even though maimed and 
impaired in physical poivers. Courses of education and rehabilita¬ 
tion wrill be prosided by the United States. The act plainly author¬ 
izes the Bureau of War Risk Insurance to make it possible for men 
to avail themselves of such trainings even if some method of re- 
enlistment tn the military or naval service may be necessary by which 
they ivill receive full pay as of the last month of active service while 
following such cours*^ of training and rehabilitation^ It also 
authorizes the bureau to withhold the payment of compensation 
during such per-iod as the person to whom it has been aw%irded will¬ 
fully fails to follow such course of training or rehabilitation as may 
be prescribed. 

ITT. Insurance at Attractive Rates. 

The third great service of the War Risk Insurance Bureau is 
destined to copper-rivet the t>enefits of the other two, that is of 
the family allowances and the compensation, and also to stimulate 
and reward economic foresight and individual initiative on the part 
oi our fighting men. The goveniment insurance, offered in amounts 
of not less than $ipoo or in multiples of $500 up to not more than 
SiO,ooo, is voluntary. It may be taken, however, by every com¬ 
missioned officer and enlisted man and every member of the army 
nurse corps (female) and of the navy nurse corps (female) when 
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employed Jn active service under the War aud Navy dcpartmeoEs. 
Its purpose is twofold—first, to restore a man's insurability which 
was eitlier tahen away from him or considerably impaired the mo¬ 
ment he entered the miUtary^ or naval Service; secondly, lo afford 
our fighting forces protection for themselves and their dependents 
additional to and greater than is provided by the compensation 
provisions of this act, without medical examination and without cost 
for solicitation, advertising or adfninistrative expenses,—the usual 
overhead charges with which commercial insurance premiimiiS are 
loaded. The government offers at peace-rate cost this insurance 
and whatever the war risk, due to military may be. the 

government assumes that> pays it and presents it to every man in its 
military or naval forces who elects to take the insurance. How well 
the men have appreciated this offer is shown by the fact that prob- 
^bly 95 per cent, of those eligible to take the insurance have done 
So and the amounts they have elected to take have averaged well over 
So per cent, of the maximum allowed. The predictions of prac¬ 
tically all persons experienced in the insurance business have been 
utterly confounded by this result obtained without the services of 
personal solicitor^:. Both Congress and the bureau were assured 
that we need not expect more than half of the total number of 
men eligible to take any insurance at all and of those that did, prob¬ 
ably most of them would take small amounts so that the average 
would not exceed ^ lo 25 per cent, of the maximum allowed. 

The insurance then is term insurance at peace rates with 
premiums payable in monthly installments which brings it well 
within the reach of the poorest paid soldier, who, even after making 
a compulsory' allotment of $15 per month in order to secure a 
family allowance for his w^ife and children or a voluntary allotment 
of the same amoum for other relatives dependent upon him in case 
be has no wife or children, for an additional sum of approximately 
$6.50 per month may secure $10,000 of insurance (the maximum he 
is atlow^ed to take) and still have SS.50 per month for spending 
money, or with minor additions or the extra pay allowed in foreign 
service, he may have approximately $ro per month for his own use, 
which in the opinion of the commanding officers of our military and 
naval forces^ is more than enough to meet every legitimate need. 
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The insurance is automatically renewed from year to year at the 
slightly increased premium rate for each additional age year until it 
lapses automatically five years after the end of the war, unless 
within that five years the insured exercises his option of converting 
it ivilhout physical examination into any of the ordinary forms of 
insurance at the rates which the goveroment may prescribe. The 
prcmitini rates arc based upon the American experience table of 
mortality, with interest at per cent, per annum. The insured, 
therefore, gets his insurance in an extra-haaardous occupation at 
less cost than it would cost him in peace times in any commercial 
insurance company. He has fso days after enlistment, or after 
entering tlie active service, in which to elect to take insurance and to 
decide upon the amount he wants. He may drop any part of his 
insurance which he does not wish to carry at any time he chooses, 
but at the expiration of the 120-day period he may neither take 
insurance in case he has not elected previously to do so, nor increase 
the amount of his policy in case he has not eketed to take the 
maximum of Sto/wo allowed. Premiums arc usually paid auto¬ 
matically by monthly allotment of pay, and the insurance runs as 
long as the premiums are paid, whether the man leaves the service 
or not, unless it is terminated by the discharge or dismissal of any 
person from the militaiy' or naval forces on the ground that he is 
an enemy alien, conscientious objector, or a deserter, or is guilty of 
mutiny, treason, spying, or any offense involving moral turpitude, 
or willful and persistent misconduct. 

The amount of the policy in the event of death or total and 
permanent disability is payable in 240 etjual monthly installments, 
except that if the insured is permanently and totally disabled and 
lives longer than JS40 months, the montlily paj-ments at the 240 
months' rate continue as long as he lives and is so disabled. In the 
e%'ent of the death of the insured before 240 monthly payments have 
been made the remaining monthly installments go to his beneficiary. 
In the event of death before any or all of the 240 monthly payments 
have been made, the insurance is payable 10 340 equal monthly in¬ 
stallments to any beneficiary designated by the insured ivithin the 
limited class of henefiebries prescribed in the law, which includes a 
spouse, child, grandchild, parent, brother or sister as defined and 
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explained above in the discussion of allotmentSp allowances and com^ 
pensation. If no beneficiary within the permitted class has been 
designated by the insured, or if the one $q designated does not sur¬ 
vive him, the pa>Ttients go to such persons within the permitted class 
of beneficiaries as wontd be entitled, under the laws of the state of 
the residence of the insured, to his personal properly in case of 
intestacy and if no such person survives the insured, an amount 
equal to the reser^^e value, if any, of the insurance at the time of 
death of the insured, calculated on the basis of the American ex¬ 
perience table of mortality' and 33^ per cent, interest^ is paid to the 
estate of the insured in full for atl obligations under the contract 
of insurance. 

There are no provisions for lump sum payments. Insurance 
payments are further protected, as are also payments of allotments, 
family alloivances and compensation, in that they are not assignabk 
nor subject to the claims of creditors of any person to whom an 
award is made, except for claims of the United Slates against the 
person on whose account the allotments, family allowances, com¬ 
pensation or insurance are payable. 

An interesting provision was made for automatic insurance of a 
limited amount ancl somewhat more restricted in its benefits to cover 
all men in the active service from the date of the beginning of our 
pariTcipation in the war (April 6 , S917), who, during the 120-day 
period immediately following the publkadon of the terms and con¬ 
ditions of this insurance (October 15, 1917) w^ere totally and perma¬ 
nently disabled or died without having applied for insurance. The 
act specified that all such men were to be deemed to have applied 
for and to have been granted insurance pay^able to such person during 
his life in monthly installments of $25 each, which was the equiva¬ 
lent of approximately 54,500 of insurance. 

In the event of death the payments of the balance of 240 monthly 
installments at $25 each were to be made to beneficiaries, restricted, 
however^ to a wddoiv remaining unmarried, a child^ or a widowed 
mother.* 

*Thi5 restriction with respect to the hcnc6clary of autoniatit insntanct 
was aineiidcd by the . 4 ct of June 101&, 50 that the beneficiary nfi^ht be 
a widow during her widowhood, or if there is no widow survivjTig, then the 
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Reference has already been made to the renisjliable response 
made by the military and naval forces to the offer of tliis voluntary 
insurance. The actual figures (corrected to August 20. j 9 > 8 ) show 
that the Bureau of War Risk Insurance ha,s received and accepted 
in the first ten months of its operation, 3,319,593 applications for 
twenty-eight and a half billions of dollars of insurance, which aver¬ 
aged $8.6ot2 per application. As in some instances more than one 
application rvas made on behalf of an enlisted man, the total num¬ 
ber of applications on August 20, which is probably greater than 
the total number of men in the miltary and naval forces on that dale, 
does not represent the exact number of persons insured, and the 
average amount of insurance taken per person is therefore grtster 
than $8,602, 

This huge government insurance business represents more out¬ 
standing insurance in the first year of its history than that of any 
other insurance organization in the world and more than the total 
life insurance written during the past year by the twenty largest 
companies in the United States. A single day's business, for 
example, that of August 20, amounts to twenty-seven thousand ap¬ 
plications for a total of over two hundred sixty-seven million dollars, 
or more than tlie total outstanding business of many a good-sized 
private insurance company. 

Voluntary’ insurance supplied hy the govemmenE at cost is a 
service of the greatest social significance. Combined with the 
benefits of family allowances and of compensation, for death and 
disability, it provides in a scientific, just and equitable way for the 
fulfillment of a great national obligation which is intended to safe¬ 
guard the morale of our Army and Navy and of those families of 
the nation which arc making the greatest sacrifices for the success¬ 
ful prosecution of the war. The War Risk Insurance Act in its 
entirety is for the American people a new departure of the greatest 
significance as an expression of a new sense of social solidarity and 
unity' of national purpose. Other nations have experimented for 

child or children of the insttred, or it thflre is no child sutTrivuig, then the 
mother, or if there ts no mother survwinB. then the father, if and wlirle ihej- 
survive the insured; and this provision vras made relra-active and the Bureau 
o( War Rish Tiwitrancc directed to wise all its awards of lutoiuaiic insor- 
ance on July (, I9i8i ™ accordance with these amended terms. 
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many years with the principles of social insuradce in the solution 
of some of thdr mo$t difficult social problems. The United States 
has now started upon the same road, and in the War Risk Insur¬ 
ance Act is breaking new ground in some directions not yet under¬ 
taken by any other nation. The successful administration of this 
remarkable legislation, which is confidently anticipated in spite 
of many initial difficulties, will mark a new era in our history, a new 
stage in social progress and a new chapter in the development of 
world democracy. 

CoiLUMSlA UMvtasrrv, 

New Arm, i&fSL 


A BRIEF HISTORY OF THE STUDY OF GREEK 
VASE^P/UNTING. ^ 

Bv STEPHEN BLEECKER LUCE. 

{Read April i% 

The subject of this paper needs no apology^ for the study of 
Greek vase-painting is of the highest importance to the classical 
archsologistfi and philologist.^ Their appeal is wide, and includes 
within the scope of their influence not only lovers of the classieSp but 
all who love art and beauty. In the first placep they are all that wc 
have left of the Greek painting of the Age of Pericles. Tins makes 
them at once of ininiense importance to the archaeologist, who tries 
wdth their aid to reconstruct in his mind the masterpieces of Folyg- 
notes and Zeuxis. To the philologist and the lover of literature, 
they are valuable as portraying the stories of mythology and his¬ 
tory p often being far earlier than our extant literary sources for the 
myths they represent; to the Student of manners and customSp the 
scenes from private life that they show are of supreme importance ^ 
while the archaeologist finds pleasure and profit, not only from these 
things, but from the study of their dironology and technique. It 
has been truly said that the value of Greek ^'ases is fourfold— 
ethnological historical, mythological and artistic.* 

This paper deals with an attempt to bring together, in a brief 
and usable formp the histoiy of the study of these painted vases as 
works of art and monuments of antiquity from the beginnings of 
archaeological research till the present day. This has been done be¬ 
fore,* but it seems to me that there is need of bringing together the 

11 shall not discuss in this paper the chronology of the Mlnoan iMLtery 
at Crete, or the hutpt)' of the discoveries of Evans at Knossos and Schhe- 
manu at Mycenae^ for the culture that produced this civUbation of prehistoric 
times ia entirety diflferent from that of the Hellenes, and is probably non- 
Greek. 

s H. B. Wallers, “ History of Ancient Pottery/' VoJ. I* pp. lo-lfi. 

# Walters, l0£r fit-, VoL I, ehsp. i, and the Introdnctson to Fottkr's Cata¬ 
logue of the vases in the Lonvra See also Fowler &: Wheekris “Greek 
Ardiaeology,'* chap. i. 

wwk:, aukk- FHiu SOC-. vol. Lvir, qq. Kov. 30. ipia- 
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results of the investig^ations that have been carried on in this fasci¬ 
nating field. I shall, therefore, in this paper briefly summarke the 
most important events in this study, and in an appendix at the end 
will give a list of the museums containing collections of vases. 

The beginning of the study of vases was in the end of the seven¬ 
teenth century; In that earliest of treatises on archaeology» Mont- 
faucon^s "UAntiquite Expliquee” (Paris, ^719)1 mention is made 
of them; and some are published. Previously to this, however, 
examples had been ifliistrated in the Siluseum Romanunt of La 
Chausse, or Caussius, in and, at about the same rime, by 

Grsevius in his Thesaurus. In these two books w'e find the first ap¬ 
pearance of any reference to the painted vases. 

It may be said that Avorks on vases can be divided into five gen¬ 
eral types, all dependent one upon the other, but all equally distinct. 
In the first place, there are the handbooks and treatises (in which 
should be Included doctoral dissertations) on the history and style 
of Greek ceramics, and various phases of the subject; secondly, the 
articles on ^-ases, in archaeological or philological periodicals; 
thirdlyt catalogues of museums or private collectioiis, and sale cata¬ 
logues; fourthly, albums or portfolios of plates, usually accom- 
panted with an explanatory text; and lastly, reports of excavations 
and acquisirions. Practically all the literature on the subject falls 
into one of these five heads, %vhile some bor^s combine two or three 
of them. 

It is the album that started the study of ceramics, and has had 
the longest life of any of these classes. Usually an album or port¬ 
folio b a series of plates taken from vases In different collections. 
It can, hoivever, consist of pbtes from one collection alone. It 
differs then from the catalogue in not attetnpting to describe or 
portray the entire collection, as a catalc^e would, but only examples 
selected for their artistic excellence or archseologicaJ importance. 

The ancestor of all modem albums of Greek vases Is the monu¬ 
mental work of Giovanni Baptlsta Passe ri^ called ^'Picturse Etru$- 
corum in Vasculis." There are three volumes, the first appearing 
in 1767, the second in 1770, the third in 1775. This is to thb day 
the approved manner of publishing an album, not all at once, but 
different parts in different years, Passeri gives the shape of everv 
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vase he describes, but his drawings are crude and inaccurate, there 
IS no attempt at chronology, and most of the vases he publishes are 
of the Apulian style, which is late and decadent. It will be noticed 
that he considers them Etruscan ; hut at that time it was almost the 
universal belief, as I shall point out a little later. 

The next scries of albums are nearly all of private collections, 
and the most important of these arc the albums of the Haniilton 
Collection, the first by DTIancar\dllc (1766-67), the drawings of 
which are quite untrustworthy, and the second by Tischbein (1791- 
iSo^) called Vases. d'Hamilton. Tischbeiii's is perhaps the first ac¬ 
curate albiim to be published; but he almost invariably omits die 
shapes of the vases he describes, which makes ft bard to use him. 
Furthermorcp most of the Tischbein vases are inaccessible, as a 
large part of the collection which is portrayed by him was lost at 
sea. A large number of Tischbein vases passed into the famous 
Hope Collection, and many of them figured in the Hope Sale at 
Chrystie's in the summer of 1917. 

In iSoS and 1810, A. L. Mill in brought out his “ Peintures de 
Vases Antiques” in two volumes, an album of vases in various col¬ 
lections. ITifs was republished in a cheap form in iSgt by Salo¬ 
mon Reinach, who gives the v’arfous present locations of the vases 
there published- MilHn's drawings, from the archaeologist's point 
of view, are almost worthless. The subjects w'ere at the time the 
chief features of interest to scholarsv The shapes are rarely, if ever, 
given, and the drawings are absolutely unreliable for the study of 
technique. A little better was the w^ork of F. ^iillingeiip whose 
" Ancient Unedited Monuments^' (1822-26) contained publications 
of some vases, but w^hose '"Peintures Antiques de Vases Grecs” 
(Rome, tSi3) is really the beginning of good wmrk in albums. An¬ 
other typical album of this period is Dubois-Maisonneuve's "In¬ 
troduction a rfitude des Vases Antiques” (Paris, 1S17). Many 
albums wxre also made of private collectioos such as Vases de la 
Collection de Sir John Cpghill” by Miflingen (1817), (a collectton 
now dispersed, but several vases from w^hich hgiircd in the Hope 
Sale) which showed a great ad’v'ance on his previous w^ork. Shapes 
are always given, and the drawings arc more accurate. Then there 
is Laborde's Vases de M. le Comte de Lamberg” (1813-24), a 
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collection now also dispersed, but most of which is in Vienna; and 
the album of the collection of the Due dc Luynes, tliat most active 
amateur of art., which is new in Paris in the Biblioth^ue Nationals 
(Paris, 1840). 

The most important album since Fasseri, however, was F. Ing- 
hirami's "Pitture di Vasi Fittili*' (FiesoJe, 1833.-37; republished in 
1852-56 as “Pitture di Vasi Etruschi”). This is usually abbre¬ 
viated as V.F,, and it is still an important book. Inghirami issued 
other portfolios as well, the most important being his “llust® 
Chiusino" as album of finds from Chiusi, the ancient Clustum. The 
two albums of G. Micali, “Monumenti Inediti per Servire alia 
Storia degli Antichi Popoli Italiani” (1833; ustrally abbreviated as 
“Storia"), and "Monumenti Inediti” (1844) contain vases and 
arc of considerable importance, as is a similar album, " Monumens 
Inedits/' by the Frenchman, Raoul Rochette (1828). 

But the most important and far-reaching of these early albums 
was Stackelbei^'s “Graber der Hellcnen” (1837), made up after 
travelling in Greece. This book stopped the “Etruscan theory" of 
which I shall now speak, from growing, and proved beyond perad- 
venture the Greek origin of the vases. 

Let us now consider what progress had been made in the study 
of vases by means of these albums. There were up to 1827, and, 
indeed, in a minor degree, up to the publication of Stackelberg in 
^837, two theories as to the origin, the Etruscan and the Greek. 
The former view was held by all the earliest authorities such as 
Afontfaucon and Passeri; but, in 1764, the great Wmckclmann 
brought out his “History of Ancient Art.” In this epoch-making 
hook, and in his “ Monument! Antichi,’* which caine out in 1769, 
he publishes some vases, and he saw at once that their spirit w'as 
that of Greece, not Etruria; he therefore called tliem Italo-Greek, 
suggesting Magna Grsccia as the place of their production. He w'as 
followed by most of the French scholars, sudi as Millin, Mill ingen 
and Laborde; but the Italians, largely through national pride, held 
on to the Etruscan theory as long as it was possible to do so, and 
Inghirami called the vases Etruscan even as late as 1856. The dis¬ 
covery' of vases in Greece, of course, conEmied the position of the 
Greek protagonists. 
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We have seen that iip to the twenties and into the thiriies of the 
last century vases were studied almost entirely through albums, 
'rwo new features now occur, which are of importance; namelyp 
articles in periodicals, and reports of excavations. Museums, al¬ 
though they had been founded back in the eighteenth century, or 
even earlier, had not been catalogued^ nor were there catalogues of 
private collections^ other than the sort of albnms to which reference 
has been made, with one exceptiofip to be recorded below. 

On the anniversary of Wlnckeliriann's birthday, December 9, 
1828, an event occurred of the first importance to arcliaolog)'. 
There was founded in Rome by a group of scholars, the Institute 
di CorrtspondenKa ArcheologiCa^ which bier became the German 
Archaeological Institute. The inspiration that doubtless caused this, 
the first scientific archeological society (for the Society of the 
Dilettanti in England cannot be seriotisly compared with it) to be 
formedp lay in the discovery of the Etruscan necropolises of CometOp 
Oifust, Cen'Ctri, and other sites, and the phenomenal discovery of 
thousands of vasos in Vulci in 1828^ which led to a revival of the 
Etruscan theoryp although it was not seriously considered by the 
majority of scholars. The institute began at once to publish two 
periodicals—the Aunali de!V InstiUdo, devoted to articles* and the 
dr/r Instituto, devoted to reports of excavations and ac¬ 
quisitions of nniiseums. %Vith the jdttirnfi came separate plates, ib 
lustra ting the articles (other plates being bound with each volume) 
w^hich were later bound together in groups every t\vc or three years, 
and, when bound, w^ere knowm as the Inediti !mti- 

iuto. 

It is at this time that one of the leading scholars of Greek vases 
makes his appearance, Eduard Gerhard, who is our first great name 
as a vase expert. He was director of the institute from its founda¬ 
tion till 1S371 w^hen he w^nt to Berlin as archaeologist for the 
museum. He recogtiijsed at once the importance of the vases from 
Vulci. and at fir^t was inclined to think that there existed, in various 
sites in Etruria, centers for the production of vases under Greek 
influence. This was upheld by several other scholars, but later 
abandoned. Too little attention has been paid by students in gen¬ 
eral to Gerhard's excellent w-ork. and too little credit given to him 
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for ihc advances he made m our knowledgep although his work was 
noE as cpochmakifig as that of Otto Jahn, of whom I shall speak 
later. 


Gerhard's most famous publication is his great album, published 
between 1840 and 1858^ called “ Auserlesene Gricchische Vasen- 
bilder/* known usually to archaeologists as A.V* Here, 111 330 
plates, he publishes about 350 vases, in every case giving the shape 
and the design as accurately as it was at that time possible to give 
il, with an explamtory' text giving the location of each vase. It 
marked a great advance over any album previously published, and 
over the contemporary felite des ^lonunicnts Ceramographiques ” 
by the Frenchmen, Lenomiant and De ’W itte,^ These volumes of 
Gerhard^s are still impcirtantp and are fascinating to the arch^eolo- 
gist^ for the following reason: 

Many of the vases published by Gerhard were seen by him in 
the trade in Rome ” and were there drawn. Of these many have 
since disappeared, and so w c call them lost vases.” .Anyone who 
has worked with vases long and faithfully i$ pretty likely to ac¬ 
quire a mental photograph of the more important lost vases," 
which he carries around with him, aided by the actual republican 
tion of the A.V. in small line-drawings, by Reinsch, in the second 
volume of his “Repertoire des Vases Points," in 1900. If I, for in- 


sEance^ go to a new, or an uncatalpgued museum, I look instinctively 
for lost vases,” which are mostly taken from Gerhard. In this 


way it has been my fortune to find many of them, in uncatalogued 
museums in America and Europe. 

To return to our subject. Gerliard's next most important 
achievement w'as the foundation in Herlin of a new arch^sologtcal 
periodical the ArchaeQlQgUcht Zeiiung^ which lasted from 1843 tilf 
1885. This was largely given over to vases. In the meantime, the 


Instituto di CorrispondenKa was growing in importance, and other 
archseoldgical societies w ere founded. In Greece, for instance, the 
^Entupii W^as established in 1B37, and in 1846, the French 
School at Athens, the first archaeological school in order of founda- 
lion+ 

Gerhard w'as one of the first people to adopt a system of chron- 

<^ogy for vases. He recognued an earliest " oritntaltaiiig " class, a 
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blacic-figttred, a red-figured, and a polychrome, developing from 
red-figured. This is the earliest attempt at a correct chronology, 
and, rotighly speaking, these divisions are still good. There had 
been previous attempts at chronology, made by d'Hancarville, who, 
considering them Italian, dates the vases as lasting “ from some 
centuries before the foundation of Rome ” till the reign of Sep- 
tiroius Severus! Other attempts at chronology were made by Mil- 
lingen, the Due de Luyncs and especially by Kramer* and Baron 
De Witte, whose classification is very practical.* 

We have now come to the greatest name of all, perhaps, that of 
Otto Jahn, who brought out in 1854 the first scientific catalogue to 
be written, that of the \’'asensamm 1 ung of the Pinakothek in 
Munich. Jahn's chronology is, in the main, the same as that of 
Gerhard, but he falls into the same error as his contemporary in 
Berlin in making the dates of the .A.ttie black-figured and red-fig¬ 
ured stj'les about a century too early in each case. Although a 
catalogue of vases in the possession of the Elector of Brandenhurg 
had been written as far back as 1701, nevertheless Otto Jahn’s 
Munich catalogue is the first scientific catalogue ever to bo written. 
It serv'es two purposes: for it is not only a catalogue, but the intro¬ 
duction which precedes the description of the vases is the first sys¬ 
tematic handbook to be written. 'Hiis introduction was for many 
years the standard text-book on the history and chronology of 
Greek ceramics; vi'hile the catalogue proper minutely describes each 
vase in the collection, and at the back is a series of plates, giving 
the shapes of the vases, with each shape numbered. Against each 
vase in the t ext of the catalogue is given the shape, according to its 
number in the plates. Another scries of plates copies the inscrip¬ 
tions found on the vases. This catalogue served as a model for 
about thirty years. j'VU important catalogues were written in that 
manner, with plates of shapes and inscriptions in the back. The ul¬ 
timate development of this form of catalogue is Furtwangler’s of 
Berlin; but the first catalogue of the British Museum, and the cata- 
logue.s of Naples, Petrograd, and many other museums were of 
the same order. 

*"Der Stil und Herktuift der gritchischen Vasen," Berlin, iSj?. 

5 5^Tc Catalogue of Durand CalL, 1^36, 
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In 1858, an EngUshman, Birch, brought out his "History of An¬ 
cient Pottery,” which is the first sejiarate handbook to be written in 
any language, and was for a. long time the standard book. A second 
edition appeared in 1873. In the meantime, largely through the 
good work of Birch, the English periodical, Archo^ologia, the oldest 
of all archsolcgical magazines, dating from 1770, began to publish 
important articles on vases. 

We have now seen the beginnings of the systematic study of the 
Greek ceraniographic art. The three most noteworthy develop* 
ments to notice now in the modem growth of our knowledge of the 
subject are; (i) the discovery of the proper chronolog)- of the 
\aseSj (2) the development of the modem illustrated scientific cata¬ 
logue; and (3) the tendency towards the production of handbooks 
on general or special subjects connected with vases. 

After Otto Jahn's catalogue, and until ^he interest in the 
stud}' of vases grew steadily. Many catalogues were written, and 
many new periodicals started, which devoted much of their space 
to vases. The general value of arcliEology as a science was recog¬ 
nized, and archisological societies began to spring up. 

The Franco-Prussian War of 1870—71 had, among other results, 
the effect of Germanizing the Instituto di Corrispondenza in Rome. 
It was one of the prices that Italy liad to pay for entering Rome 
under Victor Emmanuel. And so this institute became generally 
known as the German Institute, although Momimeuti, /fwim/i and 
BuIIctino continued to he published in Italian Just as before till 1886. 
In 1874, the Germans established an archsologica] school (called 
Das kaiserlich deiitsche archamlogischc Institut) in Athens, which 
be^n in 1876 the publication of its mm Mittheiliuigen, a quarterly 
periodical, which contains many articles on vases. 

The year 1879 is a notable one in the history of archseology, and 
therefore of vases, for that year saw the birth of the two leading 
archatological sodefies of the present day^the Archjeological In¬ 
stitute of America, which was founded by Charles Eliot Norton and 
others in Boston in that year, and the Society for the Promotion of 
Hellenic Studies, or the Hellenic Society, which was organized in 
Undon at that time. In 18S0, this latter society began the publica¬ 
tion of its semi-annual JourviJ t)f HHknic Studies (J.H.S.), one of 
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rhe finest archseological magazines there is, and, at its beginning, the 
very finest. In 1S76, the Italian Accademia dei Lmcei had begun 
its periodical^ NoKsw de^H Scavi di AntkhitJ^ a journal dcvoled en¬ 
tirely to reports of excavations. It is of interest to say in this con¬ 
nection that the Italians have not ceased to carry on excavations and 
atchKological research work in spite of the war, that the NcHme has 
not in any way suspended publication, and that, in southern Etruria, 
especially at Cer^^etrip 1 believe, some of the finest vases have re- 
cendy been found that have ever come to light. We can sec then, 
from the indications that I have mentioned, that, up to 1SS5 the 
study of archaeology^ was making great strides, and that, naturally 
enough,, it w^s helping along the interest in vases. 

In lS85r however* two events of the first importance occurredp 
one of them epoch-making in its significance. This makes 1885 a 
date to be remembered, and pul with 1764 (Winckelmann), 1767 
(Passeri), 1S2S (foundation of the Instituto di Corrispondenza), 
1837 (hnal confirmation of Greek theory"^ by the publication of 
Stackelberg) and 1854 (Otto Jahn^^s Munich catalogue) as a mile¬ 
stone in the road towards a full knowledge of the subject. In that 
year^ the 'Eriupwi in Greece undertook the excavation of 

the Acropolis at Athens, Almost at the outset important data were 
found relative to the chronology of Greek vases. The fragments 
of pottery found in the debris which was used as filling material 
after the departure of the Persians in 47^ B.C, and which ob¬ 
viously antedated the Persian invasion, contained Attic red-figured 
potsherds. This* of course, thtcvr back the beginning of the red- 
figured technique, and also^ of course the black-figured, w^hich every¬ 
one agreed preceded it, to a much earlier date than had been sup¬ 
posed. This is the beginning of the working out of the true chron¬ 
ology of Attic vase-painting. 

The year 18S5 introduced other noteworthy developments as 
w'ell. The Arcliseological Institute of America* which had founded 
the American School of Gassieal Studies in Athens, in iSSi, began 
in this year the publication of the lounial 0/ ArchiF^h^y 

(AJ.A.). This periodical, a quarterly, is now^ recognized as one of 
the leading scientific archaeological journals In the world. Its pres¬ 
ent editor is Dr, M. Pa ton, of Cambridge, Mass. From the 
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start, it h^s taken an interest in vi^ses, and published many good 
articles. 

But next to the exca^lion of the Acropolis* the most important 
event of that year was the complete German i^alton of the Institute 
di Corrisponden^a. The Aionumeutij Annaii and Bullethw stopped 
pnbitcationp and the headquarters of the institute moved from Rome 
to Berlin. Its name was now changed to Das kaiscrlich dcutschc 
archaeologische Inst i tut, and the old building and splendid library^ 
of the Institute bf^me the headquarters of the German archieolog- 
ical School in Rome. At the same tmie^ the German institute ab¬ 
sorbed Gerhard^s Ardtueatagt^che Zciiitng. In place of the yfHfiofj, 
there is now issued a quarterly periodical called lofirbiick des K. d. 
archaedogischen histitnis^ while the Mmiunienti has become the 
Antike DenkmiHer^ "Ilie Archatohgischc Edtuttg has been turned 
into a supplement to the Jahrbnch called Anthae&hgisciier Anzdger, 
devoted largely to reports of excavations, and particularly of ac¬ 
quisitions to museums, while the AnitheUungen of the Roman school 
ha$ taken the place of the Bunefhw. Iti all of these magazineSi vases 
play a prominent part. 

The modern illustrated scientific catalogue doubtless grew out of 
the sale catalogue. It is natural when a large private collection is 
being soldp either at Oirystie's or the Hotel Drouotp that the owners^ 
or dealers acting for the owners, want to realiac as large a price as 
they can. So that the sale catalogues early began to be rather 
sumptuous and to publish illustrations of the principal objects con¬ 
tained. Another determining factor, was^ of course, the perfec¬ 
tion of methods of photography, and the making of it cheap enoi^h 
to use freely. Stilh much use is made even now of drawings. 

The first modem illustrated scientific museum catalogue that I 
knew of is Masner s of the Oesterrcichisches Museum in Vienna, 
which appeared in iSgi* and where most of the important vases 
are illustrated. But the best work of the nineties was done in 
England. The catalogues of the Ashmolcati Museum in Oxford 
{J893) and the Fiizwilliani Museum in Cambridge (1896) arc 

- Some itrpi in tliii direction were taJken in Inly l„ the catalo^es of the 
Jana cotlecdoa at Riwo di PuiElia, July, ia and the CaputI coll«tba in 
di^ same place in i877p both of tht« catalogues being lllu^tiated with plates 
oF the more important unpubti^hed vases. Both are by Signor G Jatta 
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models of what a catalogue should be, for the dearness and excel¬ 
lence of the text, and the beauty of the illustrations. In 1893, 
also, the new Catalogue of the British Museum, by Cecil Smith and 
Walters, began to appear, which marked an im|>ortant step* In that 
year, too, Mr, Edward Robinson brought out bis catalogue of the 
\^scs in the Museum of Fine Arts in Boston, which is now out of 
date, through no fault of his. but because Boston has doubled and 
trebled its collection since that catalogue was written. 

The French have produced fine catalogues of the museums in 
Madrid and Athens, and especially praiseworthy is De Ridder’s of 
the Bibliotheque Nationale in Paris: and M. Edmond Pettier, Con- 
servatctir de la Ceramique Antique at the Louvre, and one of the 
world's leading authorities on the subject, has successfully com¬ 
bined catalogue and album in handling the collections in that mu¬ 
seum. writing an unillustrated text catalogue, which brief descrip¬ 
tions of the different vases, and with an introduction which, when 
it first came out, gave the best short sumniaty of the history of 
Greek pottety and of its study that had up to that time appeared, 
while larger volmncs contain separate groups of plates, which give 
photographs of selected specimens, with a good account of each 
vase illustrated, including a complete bibliography of its previous 
publications, if any* The Catalogue of Athens was by Collignon 
in 18/8; but a new edition, written in collaboration with the late 
Louis Couve appeared in 1902, with an atlas of plates, and a sup- 
plementar)' catalogue, covering accessions since that year, also with 
an atlas of plates, was brought out by Georges Nicole in 1912. 
Madrid was catalogued by the late Gabriel Leroux, one of the 
ablest of tlie younger French archaologists, who was killed at the 
Dardanelles. 

In Italy, Pellegrini has produced, in 1900 and 1912. excellent 
catalogues of the collections of the Museo Civico at Bologna, but 
very little work has been done towards cataloguing the very rich 
museums of Italy, and the catalogues, where there are any, arc 
mostly out of date, as in the case of Naples. I understand that the 
irt'o leading collections in Rome, those of the Vatican and the Museo 
di Villa Giulia, will shortly become accessible to students by cata¬ 
logues : but more important even than these is the cataloguing of 
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the small pro^ncial museums, such as Chiusi, Cometo, Orvieto, 
Perugia and others, like Taranto in southern Italy and Syracuse in 
Sicily, all of which have splendid collections. Last of all, the Ger¬ 
mans have come into the field, and a new catalogue of Munich was 
in progress before the war. the first volume of which, by Sieveicing, 
made its appearance in 1912, and is a fine esantple of the modern 
illustrated scientific catalogue. The best work of the Germans. 
hosve\'cr, is in albums, of which Furt wangle r and Reich hold's 
Gricchische Vasenmalerei,” with explanatory text, continued by 
Hauser after Furtwangler's death, in 1907, is indispensable to any 
worker with vases, and a magnificent piece of work, while Riealer’s 
W eissgTundige Attische Lekythen," combining handbook and al¬ 
bum, is also a very* useful work. 

But the genitts of the present day lies tow'ard handbooks, in 
which either the whole field, or parts of it, are studied and dis¬ 
cussed. 'fhe Germans, with their minute plodding, and absolutely 
uninspired thoroughness, have produced handbooks for the most 
part on small sections of the field such as inscriptions on vases, sig¬ 
natures, dedicatory inscriptions or «<a«-names, and the like; very 
useful books, but for the most part of no literary merit, although 
the scientific archsologist must know them from cover to cover. 
Of these books, the most important is Paul Hartwig’s "Die griechi- 
schen Meisterschalcn des strengen rothfigurigen Stils." which has 

a text and an atlas of plates, and is invaluable for the study of 

technique. 

Fmgland has given us, in H. B. Walter's "History of Ancient 
Pottery" (London, 1905), a reworking of Birch's out-of-date hand¬ 
book. which is, even today, the standard text-book on Greek vases, 
not even superseded, in my opinion, by Perrot's " U Cmmique 
D'.Athcnes” (Vol. X. of Perrot and Chipicz's "Histoire de I'Art 
dans I’Ant,quite") which appeared in 1914. just before the lamented 
death of Its author, and which is a very important book. But Wal¬ 
ters remains the standard text, althotigli there are many imperfec- 
book, which is, even today, the standard text-book on Greek vases 
in the years since it appeared. England has also produced probably 
the m^t inspired worker in vases alive today, though perhaps not 
as universal in hjs knowledge as some of the workers in France 
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Germany or the United States, in Lieutenant J. D. Beadey, of 
Christ Church, Oxford/ Before the war. Lieutenant Beasley had 
produced^ princip^ally in the Jmini&l iff Hellenic Studies^ bet also in 
other periodicals, a series of articles, little short of masterly, on the 
technique of Attic red-figured vases. He discovered a scries of 
previously unknown vasc-painlers^ and, so great was his knowledge 
of the museums of the w-orld^ that he was able to lay his finger on 
almost eveiy extant vase by their hands. Since the war, some ar¬ 
ticles by him have appeared, but I understond that he is now (1918) 
engaged in w‘ar-\vork at the Admiralty, and naturally has no time 
for archaeological study. A book by him on vases in America ivill 
shortly appear. 

In France, besides Fcrrot's book already referred to, Pottier has 
written a charming monograph, '^Dotiris et les PeSntrcs de Vases 
Grecs" (English translatEcn by Miss Bettina Kahnwciler) in a pop¬ 
ular style in the little series called ''^Le5 Grands Artistes.^* Col- 
lignon, the author of the Athens catalc^es, in colbboratfon wdth 
the late O. Rayet, wrote a "'Histoire de la CCTamtque Gtccque" 
(Paris, 1888) which for nearly twenty years was the standard text 
on the subject, being only superseded by Walters. But the best 
work and the most useful that the French have done is that of M. 
Salomon JReinach, who has republished, in a form accessible to 
students, and very cheap, in t^vo volumes, called ^VRepertoire des 
Vases Feints Grecs ct Etrusques ** (Paris, 1S98 and 1900) a number 
of unusual and rare publications. In the first volume, he repub¬ 
lishes the St. Petersburg '■ Comptes-Rendus ** (an unwdeldy and rare 
albimi), the plates of vases from the and Ar- 

chaeoiogische also plates of vases from the defunct Italian 

periodicals Bulktim Ardw^hgico Napolitano^ BuIIetmo Itatmno^ 
and Musei> S Antkhtta Classka^ and the early plates of 

vases in the the organ of the 

Ernifia. In the second volume he republishes Millingcn's Vases de 
Coghilh Gerhard*s A.V., the albums of Laborde (Vases de Lam- 
berg), the Due de Luynes^ and Tisehbein (Vases d'Hamilion), and 
an album by Roulei of selected vases in the Museum in I-eydim* 

T Since writing this f learn that Lieutenant Bcaxicy has been t»romoted 
to captain. 
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In an carlii?r volume {Faris^ iSgi) he had republished the albums of 
Millin and Millingeti. In every ease, where knowtij he gives the 
present location of each vase he publishes. At the hack of the 
'^Repertoire/' there is a splendid bibliog^raphy^ which is brought up 
to date later by Walters. 

American scholars have taken very kindly to vases, and the best 
short chapter on vases andtheirhlstory and chronology ever w'ritten, 
is that by the late Professor J, R. Wheeler of Columbia, in Fowler 
and Wheeler*5 "Greek Archaeology ^(Ktw York, i90t>). Other 
names of good men and wouien who work in this held are Paul 
Baur of Yale, George H. Chase of Hansard, a M. Robinson of 
Johns Hopkins, and especially J. C* Hoppin of Bryn Mawr, whose 
Filthymides and his Fellows ” has recently been published bv the 
Harvard University Press, and is a very important book; Edwa^rtl 
RohEnson, director of the Metropolitan ^lu&eum in New York, who 
when connected with the Museum of Fine Arts in Boston, wrote 
the catalogue of their vases; and Arthur Fairbanks, director of the 
Museum of Fine Arts in Boston, who has written the standard book 
on that class of vases known as Attic White Lekythoi, and whose 
catalogue of the Boston vases is impatiently awaited. Among 
women, there is Miss Hetty Goldman of New York, who has written 
Some excellent articles; iliss Gisela A. Richter of the Metro¬ 
politan Museum in New York, whose work is of the highest order; 
and Miss Mary Hamilton Swindler of Bryn Mawr, ivho published 
so ably the fine red-figured cylix owmed by this Society'^ and who has 
published a number of most praiseworthy papers in the 
JoEiritat 0 / Archaeology. 

'Die twelve great museums of the world, for vases as I would 
rank them, are: (i) The Hritfsh Museum, (2) the Amiquarium, 
Berlin, (3) the Miisi'e du Louvre, Paris, {4) the Museo Nazionale. 
Naples, (5) the National Museum, Athens, (6) the Altc Pinakc- 
Lhek, Munich, (7) the Museum of Fine Arts, Boston, (8) the Her¬ 
mitage, Petrograci, (9) the Etruscan Museum of the Vatican, (10) 
the Metropolitan Museum, New York, (ii) the Museo Civico, 
Bologna, (12) the Biblioth^ue Nationale, Paris. 

Thus one sees lliat this country possesses two collections of vases 
of the first rank. 
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A list of tbe rniismuins of the world that conlain collectioos of 

Greek va&es will follow this ottide. Important fnuseurns are 

printed in italics. 

Museums Containing Collections of Vases, 

Encland. 

London; BrtUsh (Gatalogtie by C, Smith and Walters, 

in progress, all but Vol I., part i* being out. Vol. I., part 2 ^ ap¬ 
peared in 1912; Vol. n. in 1893; VoL III. in 1S96; VoL IV. in 
1896.) 

Victoria and Albert Museum. Uncatalogued. 

Soane Museum. Uncatalogued. 

Oxford; Alusium. Catalogue by P_ Gardner (1893)- 

Cambridge I Fif^nUiam Mnseiini^ Catalogue by E. A. Gardner 
(1896). 

Deepdene;'//ci^c Collection. Dispersed at a Public Sale at Chrjs- 
tie's in 1917. Sale Catalogue published in that year. A scien¬ 
tific catalogue by E- M. W. Tillyard is in preparation. 

Edinburgh. Museum. 

Harrow-on-thc-Hill; Harrow School Museum Catalogue by C. 
TQxrfiSSy). 

Castle Ashby; Nothampton Collection. 

Richmond; Cook Collection. 

France, 

Paris; Afuseedu Loatfre. Catalogue by E, Pettier {in progT^s). 

Bibliothcque NotionaJe^ Catalogue by A, de Ridder {1902), 

Fctit FaJais^ Ehitint Collection. Album, but no catalogue. 

Musee dcs Arts Decoratifs. 

Mus« Guimet, 

BouIogue-sur-Mer; Mu^i'c MunkipaL Guide by H. E, Sauvage 
(189S). See also E. Potticr in “Album Archeologique des 
Musfes de Province'" (Paris, iSgo^iSgi ; pp. 68-JOi). 

Compiegne; Musee Vivenel. A catalogue (rare) exists, 

Rouen; Museum. 

Toulouse; Museum. Catalogue by Roschach, 1892. 
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Lyons; Museum. 

Sevres; Museum. 

MarsetUes; Museum. Catalogue by Froebner (t89/). 

Amietis; Mus^ de Picardfe. 

Abbeville; Museurn. 

Beziers; Museum. 

Nearly all the French proviudal museums have small collections 
of vases. 

Belgium. 

Brussels; Mus^ du Cinquanteuaire. CataIo|;ue (of Ravestein Col¬ 
lection) by Ravestcin (1884). 

Germakv, 

Berlin; Antiquariiini. Catalogue by Furtwangler (18S5), See also 
files of the Archaeologischer •A.nzeiger, for accessions since that 
year. 

Munich; Ptnakolhek. Catalogue by Otto Jahn (185+). The first 
volume of a new Catalogue by Sieveking (191s) has appeared. 

Wurzburg: Catalogue by Urlichs (1869-72). 

Altenburg; Museum. 

Bonn; Museum of the University. Description by Kekule. 

Breslau; Museum. Catalogue by Rossbach (1899). 

Brunswick; Museum. 

Dresden; Antikensammlimg. Catalogue by Hettner (iBSi). See 
also files of the Archaeologischer Anzeiger, as for all German 
Museums. 

Frankfurt-am-Main; StadeMnstitut. 

Gotha; Museum. 

Gfittingen; Museum of the University. Description by Jacobsthal 

Hamburg; Museum fiir Kunst und Gewerbe. Description by Ball- 
hdmer (1905). 

Heidelberg; Museum of the University, 

Karlsruhe; Museum, Catalogue by Wbncfeld (1SS7) 

Cassell: Museum. 

Hanover; Kestner Musemru 


STUDY OF GREEK VASE-PAINTING, 


ees 


Jena; Museum of the University. 

Leipzig; Museum. 

Hauser Collection. 

Strassburg; Museum. 

Schwerin; Museum. 

Weimar; Museum. 

Munich; Loeb Collection. 

Wurzburg; Banko Collection. 

Austria. 

Vienna; O^sierrtichuches Museum. Caiaiogue by Masucr (1891)- 
KufisthisiQnsches Museum. (Formerly Antikenkabiuet) Cata¬ 
logue by Sacken imd Kenner* See also Laborde's Vases de 
Lamberg. 

Universit)'. 

Cracow; Museum. See De Witte^ Catalogue de la Collection a. 
THotel Lambert, most of which went to Cracow* 

Czartoryski Cdlectiou. 

Prague; Poliak Collection. 

Trieste; Museum. 

Sarajevo; Bosnisch-herzegovtnisches Landesinuseum. Catalogue 
by Bulauda (191^)- 

Italy, 

Mus£ 0 Civico. Catalogues by Pellegrini (1900 and 191Z)* 
Cometo; Musei? Etrusco Titrquimese. 

Florence; Ardtaealoqkal Mtiseum. Description by MLlani (1913)* 
Naples; Museo Ntishnolc. Catalogue by Heydemann (1872)* out 
of date, but no other exists. 

Ruvo di Puglia; Jatia ofUeetion, Catalogue by G. Jatta (1S69), 
Caputi Collection. Catalogue by G* Jatta (1877)* 

Rome; A/tfJ'FO Elrusci> 0/ Ko^iVmio. Catalogue in preparation. Sec 
also the album called "^Museo Gr^oriano^^ (Rome* 1843)^ 
Miiseo di GiuE^- Catalogue in preparation. See AfonU' 

jnenti Antidii dei Lincei, vols. XIV*^ pp. 269-308, and XXIV.* 

pp, 345-4«>- 

J-HIL. SOC,. VOL UVll, ftfi, DEC. J$, IfliS. 
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Conservatori Palace, Before the war, a catalogue was contem¬ 
plated by students of the British School at Rome. 

Torlonia CoUection. 

Castellan! CoUectiou, 

Hartw^ig Collection. 

Syracuse; touted/ Museuvu See lion. Ant., Vol. XVII. 

Taranto; Arch^ahgical Ahtsmuh 

Adria; Museo Bocchi. Description by Schone (1874) . 

Arezzo; Museum. 

Capua; Museo Canipana. Catalogue by Patron!. 

Bari; Archaeological Museum. 

Chius!; Musdo Etrusco. 

Girgenti; Archseological Museum, 

Catania; Archaeologieal Museum. 

Biscari Collection. 

Milan; Mu$eo Poldi-Pezioli. 

Orvicto; Museo Civico. 

Faina Collection. Catalogue by Cardella {1S88). 

Palermo; Musco Nazionale. 

Parma; Museum. 

Perugia; Museo Etrusco* 

Turin; Museo dell" Universita. Description by Fabretti (iS72>. 
Verona ; Museum* 

Other small museumSp collections, etc., in Sicily and Sardinia: 
Cagliari ; Museum. 

Caltanisetta; Museum, 

Castrogiovanni; ^lusemn. 

Noto: Museum. 

Terninuo\^ (Gela); various private collections. 

Catania; various private collections. 

Girgenti; various private collections. 

SwiT^EaLAXO. 

Zurich; Museum of the University* Catalogue by Elumner. 
Geneva; PaUis d" Ariana. 

Berne; Historical Museum. 
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Russia.* 

Petrograd; Hermitage. Catalogue by Stephani (i 369 ). 

Academy. 

Streganoff Collection (?). 

Pisareff Collection (?) . 

Moscotv" Museum. 

Dorpat; Miiseuin of tbe University. 

Odessa; Museum. 

Kertsdi; Museum- 
No wikow Collection. 

Kiev; Museum. 

SPAtJf AND POHTUGAI.. 

Madrid; Arckteological Museum. Catalogue by Leroux (191a). 
Barcelona; Museum. 

Lisbon; Museum. 

Holijvnd. 

T . f^y dpTi; Hijksmuseum. Catalcgue by Holwerda {TQ05). See also 
Roulez. Oioix de Vases Points du Musee de Leyde. 
Amsterdam; Six Collection. 

The Hague; Scheurleer Collection. Catalogue {The Hague, 1909). 
Denmark, Sweden. 

Copenhagen; Thom'aldscn Museum. Catalogue by Birket Smith 
(1862). 

Stockholm; Museum. 

Greece. 

Athens; National Museum. Catalogue by Colliguon and Couve 
(1903) and a supplementary catalcgue by Nicole (1912). 
Acropolis Museum. Catalogue in progress by Botho Graef. 
Various private collections. 

Peiraeus; Museuni- 
Eleusis; Museum. 

Thebes; Museum- 

•Wliat conditioDi cnist in Russia at present it U impossiHt to state- 
This IS the ante-bclbni condition. 
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Nauplia; Muaeum, 

My COHOS j Museum. 

Delos; Museum, Impossible to take notes in this Museum. 

Asia Minor, Cypaus, and Egypt. 

Smyrna; various private collections. 

Nicosia; Cyprus Museum. Catalogue by Myres and Richter 

(1899). 

Various private collections at various places on the Island of 
CyptiiB. 

Cairo; Museum. Catalogue by Edgar (1915). 

Malta; Valetta Mu$eum* 

United States, 

Boston; Museum of Fme Aris, Catalogue by E, Robinson (iSgS), 
out of dale. A new Catalogue has been promised. 

New York; Metrapi^Iitan Mmaim of Art. Handbook by Miss G. 

M. A. Richter (igiy), 

Philadelphia; University Museum. 

Memorial Hall^ 

Cambridge; Fcigg Art Museum, 

Collection of Classical Department, Harvard University^ 

New Haven; Yale University. 

Baltimore; Johns Hopkins University* 

Walters Collection. 

Princetonp N* J*; Art Museum of Princeton University* 

Worcester^ Mass.; Art Museum. 

Qiicago; *^rt Institute. 

Field^Columbian Museum. 

St* Louis; Art Museum. 

Stanford University, Cal; Collection of Oassical Deparcmenl. 
Brunswick, Me.; Walker Art GaUery, Bowdoin College, 
Washington; National Museum. 

AuSTaAtJA AND NeW ZEALAND. 

Sydney; Nicholson Museum, Unhersity of Sydney, Catalogue by 
Louisa Macdonald {1S9S), 

Auckland, N* Z.; Museum. 
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AMOS PEASLEE BROWN. 

January 4, 

As vvc look over the tgU of men who have devoted their lives 
to any speeiaJ line of research, ^ve find represented there a wide 
range of character and temperament. Some have courted publicity^ 
others from the sheer force of their personality, or from the nature 
of their achievements^ have been constantly in the public eye, while 
others again^ averse to ngtoricty, have quietly and unostentatiously 
pursued their studies, content with the acquirement of knowledge 
for its own sake^and from excessive modesty, refraining from pub¬ 
lishing to the world much that would have been widely w^elcomcd- 
This latter group never receive the recognition to which their qual¬ 
ifications would entitle them, and their true w^orth is known only 
lo the few to whom is given the privilege of dose association with 
them. To this class belonged the subject of the present sketch- 
well known^ it is true, as a geologist, a mineralogist, and a teacheFi^ 
bnt possessed of a breadth of knowledge little suspected, except by 
those few' who knew him in the intimacy of close friendship, and 
which is only partially reflected in the pablications which he has 
given to the world. 

Amos Peaslee Brown was born in GermantowTi, Philadelphia, 
gn December 3, 1864^ the son of Amos Peaslee and Frances Brown 
and the fourth child of a family of seven sons and two daughters. 
His parents were cousinhis paternal grandfather, also Amos 
Peaslee, had settled in Maryland, where he was engaged in agricul¬ 
ture, while his grandfather on his mother's side, Jeremiah Brown, 
with two other brothers, Moses Brown and David S- Brown,^ had 
established themselves in Philadelphia as dry-goods commission 
merchants, founding one of the first business houses of this sort in 
the dty. The ancestor of the family in America was Henry Brown, 
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who in 1639 had emigrated from England to Haverhill^ Massachu¬ 
setts, and who became one of the early settlers of Salisbury m the 
same state. 

- JeremiaJi Brown married Elizabeth Stewardson, sister of Dr. 
Thomas Stewardson, a well-known medical practitioner of Philadel¬ 
phia and a man of broad scientific knowledge^ a member of the 
Academy of Natural Sciences and a botanist of considerable stand¬ 
ing. If we seek for the origin, in past generations, of the love of 
science so strongly marked in Dr* Amos Brown, we shall probably 
find it traceable to the Stm%^ardsons. 

Broivn's earliest education received at a small private 
school, but in the autumn of 1S7? he entered the Germantown Acad¬ 
emy, which had that year been placed in charge of a new and de¬ 
servedly popular principal. Dr. William Kershaw. 

At school Amos Brown was alw'ays at the head of his class. He 
was one of those fortunate boys who seem able to master their 
studies with very little effort, and was always especially proficient 
in mathematics. At the close of his second year he received the 
phenomenal average of too in each of the subjects in which the class 
w as examined. Deciding to take a scientific course in college be did 
not study Greek and dropped Latin in his last years at school He 
was thus able to combine tw'o years* work in one and graduated in 
June, iSSs, entering the University oF Pennsylvania In the following 
autumn. 

He took the Towne Scientific Course, specializing in mining en* 
gineering after the sophomore year and graduated in June, 1886. 

He remained at the university another year, pursuing his studies 
in the post-graduate course in mining, and received his degree of 
E.M* in June, 1SS7. 

Soon after graduation Brown secured a position as aide on the 
Second Geological Surrey of Pennsylvania, under the late Charles 
A.. Aishhuriier, then assistant geologist of the survey and also 
assistant on the United States Geological Survey, in charge of coal 
statistics* 

He worked here in the bituminous region until June iS, iSSS, 
when be returned to Philadelphia and accepted a position under Mr. 
Benjamin Smith Lyman, who had undertaken a survey of the New 
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Boston and Morea coal lands in Sclia>lkiil Coiint>% near Pottsvilk. 
The survey was a private enterprise, but the map was afterward 
published by the State Geological Survey, This work kept Brown 
in the field nntil late in the autumn, while the actual drawing of the 
map was done in Philadelphia in the winter. In the following 
spring Mr, Lymim engaged in a survey and report on the "New 
Red” formation of Bucks and Montgomery counties^ in which 
Brown again acted as his assistant and prepared an account of the 
igneous rocks of the district, which accompanies Mr, Lyman's re¬ 
port, His name appears on both the Bucks County map and that 
of the Morea anthracite district as first assistant. In the early 
autumn of 1SS9, before the Bucks County survey was completed. 
Brown left Mr, Lyman to accept a position as instructor in mining 
at the University of Fennsylvaniap under his old professor, Dr. 
Koenigs and here he remained for practically the rest of his life. 
■In 1890 he was instructor in mining and metallurgy * in 1893 pro¬ 
fessor of ^mineralogy and geology in the auxiliary department of 
medicine, which he held until the abolishment of the department in 
1898, On March 5, 1S9S, he became assistant professor of min- 
eralog>^ and geology in the college faculty, and full professor in the 
spring of 1903, a position which he continued to hold until the 
spring of 1917* when he was forced to resign on account of failing 
health. From the autumn of 1S93, after Dr, Koenig's retirement 
from the University^ Brown took over the eutire direction of the de¬ 
partment, teaching in all branches of the subject—mineralogy* 
geology, lilholog)'* crystallography^ mining and metallurgy. Soon 
after his return to the university he began studying for the degree 
of Doctor of Philosophy, which was conferred upon him at the com¬ 
mencement on June 16, 1893, 

While not at all averse to field work, Brown's duties at the Uni¬ 
versity were exceedingly congenial He liked teaching, and the as¬ 
sociation wrxth other scientific men was veir>^ enjoyable, w^hile* e$ub- 
lished at his home once more, he was able to pursue his various re¬ 
searches to his hearths content. 

After he returned to Philadelphia. Brown became a frequent 
visitor to the Academy of Natural Sciences, and on January 27, 1891. 
he became a member. For several years he was one of the most 
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regular attenciants at the Aveekly meetings. He jointed the Micro¬ 
scopical and Biological Section of the Academy* where he was dis¬ 
tinctly in his clement The association wnth men who were devtoed 
to this, his favorite study, he enjoyed to the utmost; while they 
found in him a man remarkably well informed upon the whole field 
of microscopical research. At the beginning of 1S92 he was chosen 
director of the section, a post w hich he held for two years. He later 
became a member of the committee on the award of the Hayden 
Medal serving until his death, while in 1897 and again from 1900 to 
1905 he delivered the lectures on geology and mineralog)^ in the 
Ludwick Free Courses at the Academy, 

During the time of his first activity at the Academy of Katural 
Sciences, he.became closely associated wdth Edward D. Cope* who 
was then professor of mineralogy and geolog>'—later of zoology 
and comparative anatomy’—at the University of Pennsylvania, and 
who thoroughly appreciated Brownes ability and broad knowledge. 
In the summer of 1S93, having arranged for an exploration of some 
of the fossil beds of the west in the iutercsts of the Academy, Cope 
invited Browm to become his associate on the trip, an invitation 
which he eagerly accepted. Their explorations b^u at Bismarck, 
K. D., on July to, and covered parts of both North and South 
Dakota^ the Cimmaron River District of Oklahoma, the northcastfim 
border of the Staked Plains of Texas and portions of Kansas, com¬ 
ing to a close on September 4t Galena, Mo. Cope paid especial 
attention to the fossil vertebrates, while Brown devoted himself to 
the invertebrates. The results of the reconnaissance are set forth 
in a paper by Cope in the Freaedings of the Aodemy/ in which 
will be found several notes credited to Brown, 

Up to this time Brown had enjoyed excellent health. He pos¬ 
sessed an iron constitution and had therefore never found it neces¬ 
sary to exercise any care whatever in the matter of exposur^fe or 
overwork. Now, hoAvever, possibly from overtaxing hts strength 
on the western trip, he suffered a severe attack of illness, followed 
in 1895 by another similar attack. Tliis made him ver>^ cautious 
about exp<i$ing himself and he seldom w ent out at night, giving up 

1" Observationi on the Geolog?^ of Adjacent Parts of Oklahoma aitd 
N. W. TexM,’’ Frur. Acad . Nat . ScL FAtVa., 1S94, pp, 63-68 
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almost entirely the evening meetings at the Academy, and not until 
1901 did he again take part to any extent in the sdentihe activities 
of the city, except in connection with his duties at the University. 

On May i? of that year he was chosen a member of the Amer¬ 
ican Philosophical Sodety and at once became interested in its meet¬ 
ings, as he had been in those of the Academy ten years before. He 
served on several of the committees and on January 3, 190S, was 
elected one of the secretaries, an office which he continued to hold 
until his death. He was a regular attendant at the meetings, except 
when prevented by failing health, and was a painstaking, faithful 
and loyal officer. He Joined several other societies, but took no 
active part in their proceedings. He was elected a member of the 
American Institute of Mining Engineers on February 24, 18S8; a 
member of the Franklin Institute in April, 1890; a member of the 
American Associatton for the Advancement of Science in 1901, and 
a fellow Ill 1906; a fellow of the Geological Sodety of America on 
December 27, 1905, and a member of the American Museum of 
Natural History in December, 1916. He was also a charter mem¬ 
ber of the Pennsylvania Chapter of the Society of the Sigma Xi 
and a trustee of his old school, the Germantown Academy, 

In August, 1902, he took a cruise along Labrador coast, and 
camped for several weeks at Dove Point, at the head of Sandwich 
Bay. He made a valuable collection of the flowering plants of the 
rr^ion for the Academy's herbarium but devoted his attention mainly 
to geological problems and to a study of the general geology and 
topography of the country, and the grosser features of the fauna 
and flora. He had the faculty of storing away such general ob¬ 
servations, made on his various trips, and holding them at his com¬ 
mand for immediate use in future discussions or comparisons. In 
1904 he made a reconnaissance of the central Rocky Mountains for 
the purpose of investigating certain mining properties and in the 
succeeding years made one or more similar trips to Utah, Nevada 
and Oregon, eontlnuing on to San Francisco on one occasbn, 
where he investigated with intense interest the effects of the great 
earthquake. 

Up to 1900 Amos Brown had published comparatively little. 
There was an early boyhood paper on the tiger beetles, published 
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anonymousiy in ad amateur journal * and in iSSS an admirable aC' 
count of the " Modes of Occurrence of Pyrite in Bituminous Coal,"* 
prepared while engaged on the State Survey. In this he recognized 
five forms of occurrence and traced the origin of the pyrite to the 
iron content of decomposing plants affected by the sulphur from 
gypsum or hydrogen sulphide. ^«odu1ar pyrite he suggested was 
formed from fish remains in the same way; while attention is called 
to the present-day formation of pyrite in the scum Seen on stagnant 
pools, In 18^ he published ” A CompaTative Study of the 
Chemical Behavior of Pyrite and Marcasite/’* which was his thesis 
for the degree of Doctor of Philosophy. This is distinctly a piece 
of chemical research, dealing with the relative oxidation of sulphur 
in these two mineral forms of FeS„ by various solutions, as well as 
the solubility of the iron in various acids. There were two short 
papers* in 1891 and 1892 in which the early spiral form of Baculites 
is described for the first time, the former of which was reprinted 
in scientific Journals both of this country* and in London." He pub¬ 
lished the first definite account of the crystallization of molybdenite 
in 1896* and in 1898 a scholarly account* of " Jade and Other Green 
Stones" which was a summary of a lecture given at the Museum 
of Science and Art of the University of Pennsylvania. There were 
several short notes on microscopical** and geological** subjects pub¬ 
lished in 1896 and 1857 and the notes in Lyman's report** and in 
Cope's paper** already referred to. In 1901 he also brought out a 
new edition of Emi's well-known textbook, "Mineralogy SimpH- 
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fied;which was used by his classes at the Upiversity. Part IL of 
this work was entirely rewritten, while Part 11 L, on " Physical De- 
terminative Minemlogy/" was w'holly original and reflects Brown's 
views on the importance of sight identification of minerals. 

In 1904 Brown began work upon what was to prove his great¬ 
est contribution to science/“ a piece of research, the far-reaching 
importance of which has perhaps not even yel been fully appre¬ 
ciated. Dr. Edward T. Reichert, professor of physiology in the 
medical department of the University of Pennsylvania, had begun 
in 1902 some investigations as to the differentiation and specifldty 
of corresponding proteins and other vital substances in relation to 
biological classification and organic evolution. He had come to the 
conclusion that the hemoglobins of animals offered excellent pos¬ 
sibilities in this line of investigation and also that their characters 
could best be compared and their relationships ascertained through 
a study of their crystallography. “ Mot being an authority in the 
science of crystallography/'' wrote Dr. Reicherh associated with 
me in i904p r^ne of my colleagues, Professor Amos Peaslee Browm, 
upon whom has fallen that portion of the work which demanded 
the services of an expert crystallographer/" The enormous amount 
of work that Brown contributed to the undertaking can thus be 
readily appreciated by anyone who consults the portly volume, em¬ 
body mg the results of the investigation, which was issued in 1909 
by the Carnegie Institution of Washington, under whose grant the 
prosecution of the work w^as made possible. Several preliminary 
reports on the progress of tbeir work were issued by Professors 
Reichert and Btowm/^ one of which was presented at the general 
meeting of the Amertcan Philosophical Society^ in the spring of 
1908. The hemoglobin investigs^tion involved the crystalliaatiou and 

^ MiiieraTogy Simplified." Third edition, Fhiladelpliia, Henry Carey 
Baird & Co.; London, Sampson Low, Mar&Eon Co., LltL, pp. ir'xxvil + 

1901. (Fourth edition of the same with further addftlona wa^ Issued in 

is^The Crystallography of Hemoglobins,” by Edward Tyson Retchert. 
M.D., and Amos Peaslee Brown, Fh-D., Carnegie Institution of Washington, 
No. 116, 4*0. pp. i-xvlii+ with loo plates. 1909. 

Yearbook of the Camcgic Institution for t^Qfy, p. siS (190B). Fror, 
.Tflr. Bwh^ end Midichu^ t^PT-lpoB. Vn P- <56l Pror. Amrr. PhUt^s. Set., 
XLVTI.. 1908, pp. apS-^oi. 
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examination of hemoglobin from the blood of over one hundred 
species of animals and the preparation of 2,500 phclomicrograpbs, 
600 of Vp'hich appear tn the report along with upwards of 400 out¬ 
line drawings. Briefly the investigation shows that the crystals from 
the several species of a genus all belong to one crystallographic 
group those of the cats (Gentis FeUs) for instance, being iso- 
tnorphous just as strictly as are the rhonibohedral carbonates among 
minerals. Specific characters are also evident in the differences in 
the angles of the crystals. The importance of such facts in con¬ 
sidering the relationship of species and genera and in the whole field 
of phylogeny will readily be appreciated. An able review of the 
work has been published by Dr. Leo Loeb" from which one can 
obtain a good estimate of the value of the conclusions reached by 
the authors, from the standpoint of the biologist. In his review 
Professor I.oeb also quotes opinions of several expert crystallog- 
raphers, on this phase of the investigation. From these we may 
quote the statement of Professor Edward H. Kraus, of the Uni¬ 
versity of Michigan, that: “From the crystallographic standpoint 
Professor A. P. Brown has done a remarkable piece of work which 
IS deserving of the highest credit." and that of Dr. L E. Pogue, of 
the Smithsonian Institution, who says: "The actual crystallographic 
and optical details are apparently determined with skill and ac¬ 
curacy. The photomicrographs are excellent and the line drawings 
good” ^ 


The constant application incident to this protracted piece of re¬ 
search and the severe strain which it entailed were too much for 
Brown, and in the summer of 1909 he suffered a severe nervous 
breakdown, which necessitated a complete rest from his duties at 
the University, during the next college year. 

He took a trip to Jamaica in Februan-. 1910, his first experience 
m the tropics, and became so much interested in the natural history 
of the island that he returned for another visit in April, passing 00 

the geological formats 
exposed in the ^nal cuts and discovered some interesting beds of 
fossils from which he made valuable collections. The studv of 
these upon his return to Philadelphia showed them to be of such 
, XXXIIL pp, 147-150, Jaimary 27. 1911, 
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importance that he was led to make still another trip in August for 
the purpose of securing additional tuaterial. 

Brown brought his collections to the Academy of Natural Sci¬ 
ences, and with the assistance of Dr. Henry A. Pilsbty, the noted 
malacologist, began to work them up for publication. For the next 
three years a large part of his spare time was spent in Dr. Pilsbry's 
quarters at the museum. The latter, being actively engaged in pub¬ 
lication, stimulated Brown to prepare many papers which would 
probably never have appeared had he been left entirely to himself, 
since he was always skeptical as to the importance of hts researches 
and the advisability of publishing the results. In several instances 
Dr. Pilsbr>' gave him the benefit of his vast knowledge of the mol- 
lusca, in working up the systematic portion of the reports, and they 
were published under thetr joint authorship. 

Thanks to Dr. Pilsbiy's advice and stimulation Brown published 
more papers during this period than in all the rest of his career. As 
joint authors they prepared in 1911 a paper on '* The Fauna of the 
Gatun Formation, Isthmus of Panama,”" based upon Brown's col¬ 
lections of the previous year- In the iulroduclion he explains that 
the study of the specimens fully bore out his impression, formed 
during a hasty reconnaissance of the exposures along the Canal and 
railway, that the several shell-bearing formations which have been 
given distinctive names really all belong to one stratigraphic unit. 
He and Dr, Pilsbry moreover agree that this is more likely to prove 
to he Oligocenc than Eocene, as Dali has regarded it, and call at¬ 
tention to its resemblance to the Santo Domingo beds studied by 
Gabb. Thirty-seven new species were described in this paper, while 
thirty-three more were named in two supplementary' publications," 
based upon material obtained by Professor W. B. Scott, in 1911. 
Brown was also associated with Dr. Pilsbry in a report on a collec¬ 
tion of fossils from Wilmington, N. C.," which was received at the 
Academy about this time, while he published independently an ac- 

Fauna of (he Gatun Formation, Isthmus of Panama." Pw. Acad, 
tfat. Sd. Fhila,, 1511. pp. 3^^373* 

It" Fauna of the Gatun Fomialion, Isthmus of Panama," H-. Prat. Atad. 
Nat. Sti. Fhila., Ipl2, pp. SOO-^ig. " Two Collections of Pleistocene Fossils 
from the Isthmus of Panama," ibid, ipta, pp- 

!* ** Notes on a Collection of Fossils from Wilmlnston." ihitL, 1912, pp. 

152-153- 
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coupt*^ of some new Cycads aod Conifers which wore sent to the 
museum from the " New Red " formation of Bucks County, Pa., a 
region with which he had become very familiar during his asso¬ 
ciation with Mr. Benjamin Smith Lyman, on the State Survey. 

Another important paper was prepared from data collected on 
his Labrador trip nine years before, entitled, " The Formation of 
^pple Marks, Tracks and Trails."*® He had found that the broad 
clay aiid sand flats of Sandwich Bay, LabradorJ which were covered 
by shallow w'ater at high tide, exhibited wonderful series of ripple 
marks which bore a striking resemblance to those seen in the 
Triassic rocks. He immediately began a minute study of the water 
action in order to ascertain just how they were formed, and dis^ 
covered that they were of two kinds—caused respectively by de¬ 
posit and erosion. The many tracks and niarks on these clay beds 
were also carefully studied and many of them proved practically 
identical with certain tracks and trails in the Connecticut Trias 
described by Hitchcock as those of annelids, fishes, etc., to which he 
had given distinctive names on the basis of these tracks. Brown 
found that a pebble to which a large sea-weed (E/foa) was atLached 
made a perfect “annelid" trail, the sca-weed buoying it up and 
allowing it to drag slowly along on the bottom. Pieces of other sea¬ 
weeds and hits of spruce boughs rolled along by the water pro¬ 
duced other tracks, some of which were counterparts of those 
described as belonging to a supposed jumping animal called "5'of" 
tator.” whUft the bifid and trlfid fruiting tips of Fiicoid sea-wceds 
made tracks strikingly like those of certain small reptiles. This 
paper is an excellmt example of the dearness of Brown's observa- 
tion and the acri%Hty of his reasoning powers. 

On the Jamaica trips the large land tnollusks had attracted his 
special attention and his first paper on this material dealt with 
variation in certain species of Pleurodmte.^ He had made intensive 
studies of various colonies of each of several species and endeavored 

“‘New Cjrcads and Confers from the Tria, of Pennsylvania." ibid. 
19)1, pp. 17-2 [> 

Fonnatioii ef Ripple Mirks, Trath* and Trails,- ibid., igr, pp 

*»“ Variation in Some Jamaican Species of Pltur^dotile" Prnr 
Npf. Sci. Phitiy., Ipir, pp. It 7 -l 64 . 
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to correlate the variations which they exhibited with differences of 
environment, and to show the effect of Eolation in their evolution. 
To illustrate graphically the extent of their variation he devised 
some Ingenious plottings and curves, based upon actual measurements 
of each individual shell, for by adopting measurements as his basis 
of comparison he hoped to eliminate as far as possible the personal 
equation. Thi$ whole investigation illustrated the constant trend 
of his mind toward piathematical methods. Another paper along 
very similar lines dealt with variation in two species of Lucld^tta.^* 
Still another Jamaican study ^vas responsible for a paper on the 
method of locomotion in certain land snails"^—a distinctly original 
piece of w^ork. He had found that certain species possessed a com¬ 
paratively very rapid rate of progression and a careful study dem¬ 
onstrated that they had an entirely different method of locomotion 
from that of the majority of snails* The foot^ he found, touched 
the surface upon which they walked only along its edges, while the 
wrave motions which traversed it were in the opposite direction to 
that usually prevailing in these moUusks. Furthermore the shell 
was carefully balanced on the operculum and swayed from side to 
side as Ehe animal advanced. The rapidity' of the wave motions 
and the exact rate of progress were worked out In much detail. 

During the period Just described tvro mineralogicaJ publications 
were Issued in %vhich Brown's name appears a$ joint author* One 
of these, In the preparation of which he was associated with Dr. 
Pergifor Frazer, consisted of a series of tables for the determina¬ 
tion of minerals by physical properties/" while the other in w'hich 
Dr. Frederick Ehrenfelt Avas his associate was a report on the min¬ 
erals of Pennsylvania*^ published by the Topographical and Geo¬ 
logical Survey of the State in X913. 

In the summer of 1913 Brown made another trip to the tropics, 
touching at Georgetown, British Guiana, and spending some time 

M Yariatiort in Two Species of Ladd^da from JaniaECa," ibid-, 1913. 
PP- 

*'^“Tlie ifetliod of Progression of Some Land Operculates from Ja- 
maica," Tk^- XXtV., No. S, December^ ipio, pp. 

Tables for the Determination of Minerals bf Pliy^ical Properties,’^ 
PhibdelpliSa, J. B. Lippinrott & Co., igio, pp. j-aiii, L, i“i25. 

Minerals of Pennsylvania," Topog. and Ccolog. Survey of Pciina-. 
Report No. 9, pp. 1913. 
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on the i$bnd of Antigya, Here lie ntade a representative collection 
of fossils and on his return published a comprehensive account of 
the geology of the island,“ reviewing the literature of the subject 
and describing his own collection, while in the following year in con¬ 
junction with Dr. Pilsbry he published a short paper on the fresh¬ 
water mollusca of the Antiguan Oligocene.®* In these contributions 
eleven new forms are described k His last publication,*® also in con¬ 
junction with Dr. Pibbry, dealt with collections of OHgocene fos¬ 
sils from Cartagena, Colombia and Haiti, collected hy Hr. Lloyd 
B. Smith. Twenty-one new species and subspecies ^vere here 
described. 

While Dr* BrowTib trips to the tropics were distinctly beneficial 
and he was able to return to his classroom, nevertheless his recov¬ 
ery was only partial. In 1911 and 1912^ moreover, he was t^vice 
operated upou for gallstones, an additional strain on liis weakened 
constitution, and during the past two or three years he seemed to 
have little ambition to engage in any serious scientific research * In 
spare moments^ however, in the seclusion of his home, he continued 
his microscopical studies, now as ever his chief diversion, 

^Another nervous breakdown at the close of 1916 was followed 
in the spring by a partial paralysis which compelled him to definitely 
resign bis professorship at the University of Pennsylvania, where 
he had now* been engaged in teaching for over twenty-seven years. 
In the autumn his condition was further complicated by the develop¬ 
ment of a severe carbunck, which his w eakened system w*as pOAver- 
less to combats and he passed aw^ay on October 9, 1917, at Atlantic 
City, N. J,, w'here he bad been taken in the hope that the change 
of air and surroundings might prove benefidaL 

Dr. Erowm had never married, and after the death of his parents 
he had continued to reside with bis brothers and sisters at their 
home in Germantowm. In his prime he was a strikingly handsome 
man^ talk broad-shouldered and dark-haired^ His mind was alvvavs 

Notes crti the Geology of Aiittgua/* Prar. Sd. Phih., i^ij, 

pp. 584-616. 

Fresh Water MoHusks of itie QHgeccne of AoHgiia,*' tbid., 1914, pp. 

« ^‘Olig<5cene Fossils from the Neighborhood of Cartagena, Colombia, 
with Notes on Haitian Species,” ibid., 1917^ pp, 
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active and alert. His eyes would kindle as his interest was aroused 
in conversation or coogeuial occupation, and among his intimates 
his fine sense of humor was constantly in evidence. His powers of 
observation were keen and his deductions remarkabLy accurate. He 
had well-defined opinions on scientific topics and^ while not heai- 
tating to express them, he was loath to force them upon others or 
to engage in argument or controversy, and in assuming without 
protest whatever tasks were allotted to him he often bore far more 
than his share of the burdens of life. 

His quiet unassuming manner attracted those with whom he 
came in contact^ while he possessed none of the qualities that make 
enemies. 

In his death science loses an investigator and teacher of excep¬ 
tional ability and this Society an oflker noted for his devotion and 
loyalty. 

A long line of students wilL in years to comep recall with pleasure 
their association with Amos Brown at the University—his kindli¬ 
ness; his fairness; and his earnestness of purpose. A smaller group 
of scientific associates will cherish recollections of his reverence for 
the sciences which he helped to advance and his faithfulness to the 
trusts tliat were placed upon him. A stiU smaller group^ who were 
privileged to know the real man in the intimacy of close companion¬ 
ship, will mourn the loss of that ivhich has been described as the 
easiest thing to speak of^ but the hardest to find—^a true friend. 

WiTMER Stone. 
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Stated Meeting January 

Curator C- L. Doolittle, C.E.p Sc.D., LL.D.p in the Chair. 

The dece^e was aimcntneed of Joseph P. Remingtortp Ph.D*_^ on 
January "l, 1918^ in hi& 71st year. 

Dr. Witmer Stone read an Obitnary Notice of Prof. Amos P, 
Brown (see page i). 

Mr. Edgar L. Hewett read a paper on “Our Cultural Heritage 
from Ancient America/^ which was discussed by Dr. Jastrow^ Prof. 
L. W. Miller, Mr* E* S. Balch and Mr. Hewett. 

The judges of the Annual ELecHon held thi$ day between the 
hours of two and five in the afternoon reported that the following 
named members were elected according to the Laws, Regulations 
and Ordinances of the Society^ to be the Officers for the ensuing 
year: 

- Pre^idsni, 

William B, Scott. 

Vke-Presiden is. 

Albert .■\. Michclson, 

George EDery Hale, 

Joseph G. Rosengarten, 

Secretaries. 

I. flints Hays, 

Arthur W. Goodspeedi 
Harry F. Keller^ 

Bradley Moore Davis. 

Curaiars, 

Charles L. Doolittle^ 

William P. WilsoOp 
Leslie W. Miller. 


MINUTES. 


i? 

. Treasurer, 

Henry La Barre Jayrtfip 
Councilors, 

(To serve for three years.) 

Bertram B. Eolhvood^ 

Ernest VV- Brown, 

Francis B. Gummere, 

Herbert S. Jennings, 

The Finance Committee and the Treasurer presented their an¬ 
nual rcporla. 

Staged Meeting, February i, ipiS. 

WiLLJABi B. Scott, Sc.D., LL.D., President, in the Chair. 

Dr. Alonzo E, Taylor^ a newly elected member, subscribed the 
Laws and was admitted into the Society, 

The Society commemorated the Centenary of the Death of 
Caspar Wistar, M.D., and the follow'ing papers on Dr, Wistar W'ere 
read: 

'‘As a Scientist and Philosopher," by Dr. I. Minis Hays* 

As a Human Anatomist,” by Dr, George A. Piersoh 

a Comparative Anatomist," by Prof. William B, Scott. 

Staled Meeting^ March /^tS, 

William B. Scott, Sc,D,, LL.D,, President, in the CHmir. 

Mr. Pierre S. duPont, a newly elected member, subscribed the 
Laws and was admitted into the Society. 

The decease was announced of Samuel G, Dixon, MD., on Feb¬ 
ruary 26, 1918^ St. 67. 

Prof. Vernon Kellogg read a paper entitled " Behind the Ger¬ 
man Lines in Belgium and France." 

Mr. Benjamin Smith Lyman presented notes on ‘"The Soul," 
“The Word of God," "Classical Studies," and (See page 

627.) 

Stated Meeting, April 5 ^ ipiS^ 

William B. Scott, Sc-D., LL.D.* President, in the Chair. 

The decease was announced of John Fulton, at Johnstown, Pa. 
on January 20, 1916, set- 89. 
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Mr. Eli K. Price read a paper on "" The Park System of Phila¬ 
delphia;'^ which was discussed by Prof. Milkr, Dr, Keen, Prof. Scott 
and Mr. Bryant. 

Mr. Price^ on behalf of the Committee on the Henry M. Phillips 
Prize, presented the fo 11 ov%ing report: 

"'The Committee on the Henry M, Phillips Prize have the honor 
to report that the Judges appointed by the Society to pass on the 
essays that might be submitted on ‘ The Relation of the Initiativep 
Referendum and Recall/ in competition for the Prize, have found to 
their regret that no essay on the chosen subject has been received 
of such originality and importance as to justify an award of the 
Prize.^* 

"*The Committee therefore recommend the adoption of the fol¬ 
lowing resolutions: 

■*Resoiv€d, That no aw'ard of the Phillips Prize be made in 
pursuance of the compelitton invited for the year 1918, 

^ Resolved^ That the thanks of the Society be extended to the 
Hon. Charles Matteson, of Providencet Prof. Charles E. Merriam. 
of Chicago* Dr. Wcstel W. Willoughby, of Washington. Prof. 
Henry J. Ford, of Princeton, and the Hon. Hampton L, Carson, of 
Philadelphia, for their valuable services as Judges of the competi¬ 
tion/^ 

The Report was accepted and the resolutions appended thereto 
were adopted. 

Staitd General Meeiing, April rS^ Jp and /pjA 
Thursday Afternoon, April 18^ JpiS. 

Opening Session, 2-30 o'clock. 

William B. Scott* Sc.D., LL.D„ President, In the Chair. 

The following papers were read: 

“Efforts of Food Control under Queen Elizabeth/" by Edward 
P, Cheyney. A.M., LL.D_. Professor of European History* 
University of Pennsylvania. 
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Control of Commerce in War Time," by Willkm E. Lingel- 
bach, Professor of Modem European History, University of 
Pennsylvania. 

'^The Influence of Russian Political Parties on Domestic and 
Internationa! Questions/^ by Alexander Petrunkevitch, Ph.D.. 
Professor of Zoology, Yale University. 

"Problems of War Finance/' by Thomas S. Adarns, Fh,D.* 
Professor of Political Economy^ Yale University. 

Control of Railroads of the United StateSt'^ by Emory R^ 
Johnson, Sc,D-, Professor of Transportation and Conunerce, 
University of Pennsylvania. 

The Sanitation of Camps,” by Col. Frederick F. Russell. Med¬ 
ical Corps, U. S* A* 

Friday, Af^ril /p. 

Morning Session, 10:30 o'clock. 

J. G. Rosengamtek, LL.D., Vice-President,, in the Chair, 

Dr. Frank Dawson Adams, a recently elected member, sub- 
■scribcd the Laws and was admitted into the Society. 

The following papers were read: 

"The Art of George CatUn," by Edwin Swift Bakh, of 
Philadelphia {see p. 144)* which was discussed by Dr, PIol- 
land. 

Surgical Shock," by William T. Porter^ M.D.* LL.D., Pro¬ 
fessor of Comparative Physiology, Hansard University, 
which was discussed by Dr. Keen. 

** The Relations of French and American Thought iu the iSth 
and 19th Centuries," by Albert Schinz* Ph.D., Pro¬ 

fessor of French Literature, Smith College^ Northampton, 
Mass. 

** Type-writer Keyboards \ An Inquiry^ for Some Rational 
Ones," by Charles R. Lanman, Ph,D.^ LL,D,, Professor of 
Sanskrit^ Hansard University. 

“ Changing of the Sex-Ratio of the Rat,” by Helen D. King* 
Associate Professor of Embryo!pgy, Wistar lustiiute, Phila¬ 
delphia, which was discussed by Prof. Jennings. 
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History of the Study of Greek Vase Pamtings/* by Stephen 
B. LucCp Curator of Greek Antiquities* Museum of the Uni¬ 
versity of Pennsylvania. (See page 649.) 

** The Naiades of the Upper Tennessee DrainagOp^* by Arnold 
E- Ortmann, Ph.D.* So^D., Professor of Physical Geography, 
University of Pittsburgh. (See p. 521.) 

“"A New Type of Insect Lar^^ap” by William Morton WTieeler, 
Ph.D.* Sc.D*^ Professor of Economic Entomology* Bussey 
Institution, Har%'ard Uni%^ersit>% (See p. 393.) 

Critical Survey of the Sense of Hearing in Fishes,by 
George H. Parker^ Sc.D.* Professor of Zoology'* Harvard 
Umversity. (See p< 69*) 

The Perfecting Principle*" by L. H. Bailey* LL.D., Late Pro¬ 
fessor of Horticulture* Cornell University^ 

” Medicinal Plants—Present and Future SupplLes/*^ by Henry 
Kraemer, Ph.D., Head of the Uept. of Pharmacology* Uni¬ 
versity of Michigan. 

Parasitism among the Red Algs," by William A. Setchell, 
Ph.D., Professor of Botany^ University of California. (See 
p. J 55 ) 

Afternoon Session, 2 oVlock. 

Alsert a. Michelsox* Ph D., Sc.D.* LUD., F.K.S., Vice-President 

in the Chair* 

The following papers %vere read: 

I. " Prelifninary Notes of Some New Species of Agarics*^ (see 

p. 354). 

II, " TTie Genus Gaicruh in North America/' by George F. At¬ 
kinson* Ph.D., Professor of Botany^ Cornell University. 
(See p. 357 -) 

"^Temperature, Imbibition and Growth*" by D. T* ilacDougalp 
Ph.D** LL.D., Director of the Department of Botanical Re¬ 
search, Carnegie Institution of Washington* 

"‘Variation in Blueberry Hybrids/* by Frederick V. Coville* 
Curator of the U. S. National Hcrharium, Department of 
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Agriculture, Washington, D. C-, which was di^ssed by Pro¬ 
fessors Harshbergerp Webster, Goodspeed and L. H. Bailey, 

^‘Organization, Reproduction and Heredity^ in 
by Robert A, Harper, Ph.D., Professor of Botany, Columbia 
University. (See p. 375 ) 

I. “Dependence of the Earth's blague tic State on Solar Condi¬ 
tions i 888 -igi 6 p” and 

IL ^‘Thfi Potenlials of Certain Magnetized Bodies/* by Louis A, 
Bauer, Pii.D., Sc,D.p Director of the Department of Terres^ 
trial Magnetism, Carnegie Institution of Washington, which 
were discussed by Professors Web&ter, and ^licbelson* 

" Development of Magnetic Susceptibility in Manganese Steel by 
Prolonged Heat Treatment,” by Charles Francis Brush, 
Ph.D., Sc.D,, LLD., of Oeveland (see p. 344)+ which was 
discussed by Dr* Bauer, 

“ Accelerometers*" by N. W. Akimoff^ of Philadelphia, which 
was discussed by Dr. Webster. 

“ Luminescence of Radium Salts,” by D, H. Kabakjian, As¬ 
sistant Professor of Physics, Unisersi^ of Pennsylvania, 
and E. Karrcr, of Philadelphia, 

Friday evening, 8:30 o'clock* 

Lieut.-Col. Robert Andrews Millikan^ Ph.D-, Sc.D., spoke on 
“ Science in Relation to the War*” 

Saturday, April 20. 

Executive Session, 9:30 o'clock* 

William E. Scott, Sc*D-, LL.D., President, in the Chair* 

On the reconimendattoti of the Officers and Council ncrniinations 
for foreign membership were suspended by' unanimous vote until 
the number of foreign members is reduced to seventy-five. 

* Prof. Ernest W* Brown, on behalf of the Nominating Commit¬ 
tee, recommended that the term of service of the curators^ like that 
of Councillors, be limited to three consecutive years* 
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On mot bn this rq^ommendalion was unanimously adopted. 
Pending nominations for menibersbip were read and the Society 
proceeded to an election. 

The tellers reported that the following nominees had been elected 
to membersliip: 

Rcsidenis of the United States. 

Henry Andrews Bumsteadn A.B.» Ph.D.p New HaveOi 
Philip Pow^ell Calvert, Ph.D., Philadelphia. 

Clarence Griffin Child, Ph D., L.H.D., Philadelphia. 

William T. Councilman^ A.M., M.D,, LL,D.* Boston. 

Victor George Heiser* M.D., New York. 

Herbert C- Hooverp B,Ah* LI.,D.p Washington, 

Ales HrdliBiap M.D., Washington. 

Gilbert Newton Lewis^ A.M.^ Ph.D.p Berkeley* 

Theodore Lyman, Ph.D.p Cambridge. 

J. Percy Moore, Media, Pa. 

Louis Valentine Pirsson, M,.A.. New Haven, 

George Harrison Shull, B.S., Ph.D., Princeton. 

Joseph Swain. B L., M.S., LL.D., Swarthmore, 

William Roscoe Thayer, A.M., LL.D., Litt-D., LB.H., Cam¬ 
bridge. 

Samuel Wendell WilHston, A.IL, M.D., Ph.D.^ Sc.D,, Chicago. 

PoTei^n Residents* 

Joseph Jacques Cesaire Joffre, Paris. 

Paul Painleve, Paris. 

Raymond Poincare, Paris. 

Morning Session, lO o^clock. 

WitLiAM B. Scott, Sc,D.. LL.D., President, in the Chair* 

Mr* William Roscoc Thayer, a newly elected member, sub¬ 
scribed tbe Law^s and was admitted mto the Society* 

The follow ing papers were read: 

“Motions in the Stellar Systems Struve 1836 and Struve 208/" 
by Eric Doolittle, Professor of Astronomy, University of 
Pennsylvania. 

The Number of the Spiral Nebula," b>- H. D* Curtis, As^ 
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tronoEner, Lick Observatory, Mt. Hamillon, Cal, (see p, 513), 
which was discussed by Prof. E. W. Brown. 

'‘Italy in the Triple Alliance,'' by WilHam Roscoe Thayer. 
LitLD,, L,H.D„ LL.D., Cambridge, Mass. 

“Ballistic Experiments by a New (?) Method,” by Arthur 
Gordon \\'eb3tcr, Sc,D., LL.D,, Professor of Physics. Clark, 
University. Worcester, and Mildred Allen. 

“Some Considerations on the Ballistics of a Gun of Seveuty- 
fivc Miles Range.” by Arthur Gordon Webster, 5e,D., LUD., 
Professor of Physics, Clark University, Worcester, Mass. 

“ The Retation of Deposits of Iron and Coal to the Great War." 
by William H. Hobbs, Ph.D., Sc-D., Professor of Geology, 
University of Michigan. 

“The Peculiar Geographical Features of Nortliwcsteru France 
and their Bearing on the War." by William Morris Davis, 
Sc.D„ Ph.D., Professor Emeritus of Geology, Harvard UnL 
versily, 

“RigWeda Repetitions,” by ilaurice Bloomfield, Ph.D„ LL.D., 
Professor of Sanskrit and Comparative Fhilolcgy, Johns 
Hopkins University. 

.Afternoon Session, 2 o'clock. 

William B, Scotr, Sc,D„ LL.D., President, in the Chair. 

The following papers were read: 

"The Babylonian Origin of the Jewish Method of Slaughter,” 
by Paul Haupt, Ph.D., LL.D., Professor of Semitic Lan¬ 
guages, Johns Hopkins University. 

“Soldiers’ and Sailors’ Insurance," by Samuel McCune Lind- 
^yp Ph.D,, LL,D., Professor of Social Legislation, Colum¬ 
bia Universit)', New York, (Sec page 632.) 

Symposium on Food Problems in Relation to the War_ 

Physiological Effects of Prolonged Reduced Diet on Twenty- 
five Men,” by Francis G. Benedict, Ph.D., Sc D., Director of 
the Nutrition Laboratory of the Carnegie Institution of 
Washington. (See p. 479.) 

" Food Conservation from the Standpoint of the Chemistry of 
Nutrition,” by Henry C. Sherman, Ph.D., Professor of Food 
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Giemistfy, Coluinbia Univftrsitjv New York. (See p- 491-) 
** Some Economic Aspects of the American Food Supply/’ by 
J, Russell Smithy Ph.D., Professor of Industry^ Wharton 
School of Finance and Commerce, University of Pennsyh 
vania. (See p, 50u) 

Food Control and Conservation in the United States Army/’ 
by John R. Mitrlln, Major, Sanitary Corps, S. A, 


Slaicd Meeting^ May jplS. 

William E. Scott, Sc.D., LUD,, President, in ^^he Chair. 

Dr. Philip P. Calvert, a newly elected member, sn^cribed the 
Laws and was admitted into the Societ>^ ^ 

Acknowledgments of election were received from ^ 

Philip Pow'cll Calvert, Ph.D, 

William T* Councilman, A,M., M.D., LL.D. 

Victor George Heiser, M.D. 

Herbert C. Hoover, B,A*, LL.D, 

Ales Hrdlicka, M.D,, Washington. 

J. Percy Moore. 

Louis Valentine Pirsson, M.A. 

George Harrison Shull, B.S., Ph.D. 

Joseph Swain, BX., M.S.. LL.D, 

William Roscoe Thayer, A M., LL.D., Litt.D., L.HX. ' 
Samhcl Wendell Wi I listen, A.M., M.D., Ph.D., Se.D. 

The fallowing papers were rcad^ 

Inorganic Evolution from the Astronomic and Atomic As¬ 
pects,'^ by Eric Doolittle, CE.^ and Arthur W* Goodspeed, 
Ph.D., lyhich w:cr^ ^i^cussed by Professor Snyder^ Presi¬ 


dent Scott, Mr. Willcox, r.nd Keen. 
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Staied Meiting^ November j, ipiS^ t~ 

William B. Scott, D-5c+^ LL.D,^ President, in the Chair. 

Professor Jh Percy Moore and President Joseph Swain^ newly- 
♦^*cted member*, subscribed the Laws and were adtnitt^ into the 
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Letters accepting n:iembcr:;h;p were r«:e[ved from 
His Excellent Ka}^iQni;| Poincare, 

Le ^^a^«hal Joffre and 

Prof- H. A. Bunistead 

and a declination from Prof. Oarence G. Child. 

A coramunication from the Rector of the University of Lund 
stating that the University would celebrate on the 27th of Septem¬ 
ber of this year, the 250th Anniversary of its founding was read- 
The Secretaries were instructed to send to the University the con¬ 
gratulations and good wishes of the Society on the occasion. 

The decease was announced of 

Prof. Guido Cora, at Piedmont, on October lo, 1917, let. 66 
Grove K. Gilbert. A.B.. A M.. LL.D.. at Jadrson. Mich., on 
May I, 1918, set. 75. 

Frank Miles Day.B.^, M.A..at Philadelphia, on June 15, igi8, 

set 57. 

Rt. Rev. John J. Keane, at Dubuque, Iowa, on June 22, igiS, 
set. 79, 

James Douglas. B.A.. LL.D., at Kew York, on June 25 igift 
set 81. - ^ ^ 


i, set. 89. 
at, 84. 


Stephen Farnum Pechham, A.M.. on July [ [, igis, 3.^^ yg 

William H. Greene, M.D., at Wenonah, N. J,, on August 
191S, at. 65, 

Maxime Bdehcr. A.B.. Ph.D., at Cambridge, Mass., 
tember 12, 1918. xl. 51. 

Mr. Joseph Willcox.at Philadelphia, on October 1.19 

Dr. Isaac Norris, at Florence, Italy, on October 22, ii 
Prof. John A. Miller read a paf^r on ■' The Total St^ar EcUps 
of June a. 1918/' which was discussed by Prof. Snyder. 

Special Afectipff. l^^>ember 2 /, ipcS. 

W11XIAM y^dsfe] ^Sc.. LL.D., President in the Chair. 

Burnet, of the French Educational Mission t< 
he United Stotea, reSd a paper on " Pasteur as a Representative oi 
the French Scientific Spirit.'" 
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Stated Dccefnber 6^ Jp/S. 

William B. Scott^ D.Sc., LL.D.^ President in the Chsit. 



Letters accepting election to membership iw/ere read from 
Gitbert Newton Lewis^ A.M., Ph.D, 

Theodore Lyman^ Ph.D. 

The decease was announced of^ 

George Francis Atkinsorii Ph+D,^ at Tacoma^ on. Nevember i4th^ 
191^, St. 65. 

Diaries Richard Van Hise, M.S.p LL.D., at Milwaukee^ on 

* 

November 19th, 1918, st. 61. 

Samuel A- Green, M.D., at Boston, on I^cceniber gth, tgiB, 

j St. 88 . 

f ProL Franklin Edgerton read a paper on Indian's Place in the 
^lodem World/^ which was discussed by Dr. Keenp Prof. R. G. 
Kent* Mr. Bryant^ President Scott and Prof. Edgerton. 

The President delivered his Annual Address. 
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